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yr) The Association is not responsible, as a body, for the facts and opinions 
- as advanced in any of the papers or discussions published in its proceedings 
oe Discussion of all papers is invited 


Vor. 14 DECEMBER, 1925 
THE PROBLEM OF WATER SUPPLY FOR FIRE 


By V. Bernarp Stems? 


Our purpose here is to define the problem of water supply for fire 
protection and to sketch briefly its various phases, only suggesting 
topics which, it is hoped, will be developed by the discussion that 
follows. Provision for fire protection should be an important con- 
cern of the water works engineer, for it is admitted that such pro- 
tection is one of the purposes of a water works system and the good © 
that results from assigning to it its proper importance far exceeds __ 
the cost entailed. It is, therefore, assumed that fire protection 
facilities are desirable on the water works system and the manner — aS 
in which such provision affects the design of the system will be 
outlined. 


Impounding works are a factor of the problem in the smaller 
communities only. In providing impounding capacity for the — 


Av 
1 IMPOUNDING WORKS 


smaller community consideration should be given fire safety as well Pe : 
as the protection of life and health during drouth periods affecting a _ 
community’s source of water supply, for it is also necessary to 


1 Presented before the Fire Protection and Plant Management and Opera- 
tion Divisions, Louisville Convention, April 28, 1925. 
Water Engineer, of Baltimore, Md. 
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guarantee wee the protection of a community’s means of 
livelihood by protecting its plants and industries from destruction by 
fire. Therefore, sufficient impounding capacity for fire safety and 
a proper means for bringing this supply to the community must be 
provided, especially in small communities, where little or no dis- 
tribution storage capacity is available, and in flat regions where 
probably there are no means of balancing the distribution system, 
other than perhaps by a standpipe. 

If no balancing capacity is provided, sufficient pumping capacity 
should be provided for the peak load and in such cases adequate — 
impounding storage is vital. 

FEEDER MAINS 


Feeder supply mains should be in duplicate, to guarantee con- 
_ tinuity of service and this duplication should be carried out in 
_ supply lines, especially those leaving pumping stations. 


PUMPING STATIONS 


Pumping stations should be equipped with a sufficient number 
of units to supply the required demand, peak load consumption plus 

the fire protection demand when the two largest units are out of 
service. Any portion of a water system depending upon a pumping 
station for continuity and sufficiency of service is particularly de- 
pendent upon the pumping equipment at the time of serious fire 
drafts. The extent to which the safety of the community is cen- 
tered in the pumping stations is of greater or lesser importance 
according to whether the system into which the pumped supply 
discharges is a tight one, or one balanced by a reservoir or standpipe. 

A properly designed pumping station for either system of dis- 


7 tribution, i.e., “tight or open,” will be equipped with units of su- 


ficient size to care for the ordinary consumption demands, with a 
margin of output capacity to care for at least 50 per cent increase in 
consumption to meet peak seasonal loads, and to anticipate yearly 
growth. In addition to this excess capacity, spare units and separate 
_ discharge lines will be provided to duplicate entirely the pumping 
equipment, so as to insure continuous service in the event of a com- 
plete breakdown of the units ordinarily operated. 

In a pumping station discharging into a tight system, the 50 per 
cent excess capacity, which conservative design dictates, will or 
will not include extraordinary fire flow demands, according to 
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whether or not the total daily output of the station is large or com- 
paratively small and the area and character of fire risk included 
within the section served by the pumping station are large and 
hazardous or otherwise. With a normal output of 10 million gallons 
daily, the 50 per cent excess will allow, under ordinary conditions, 
3500 gallons per minute to be used without affecting the domestic 
service, which may be entirely adequate for some sections, but 
insufficient for congested manufacturing or warehouse territory. 
These elements all enter into the question as to what extent pro- 
vision must be made in the station design to care for firedemands. 
If these factors indicate that units for fire protection must be added 
to the station equipment, they must be of atype that canbe brought =| 
into operation within the minimum time and designed for continu- ee 
ous full load duty, and, of course, installed in duplicate units. t 
In a balancing reservoir system, the question of pumping units — 
for extraordinary fire flows is of less importance. The factors that — 
determine the need of such equipment are principally those of 
standpipe or reservoir capacity, and size of mains from the reservoir a 
to the area included within the district considered for fire protection. = 
A well balanced distribution system will include mains sufficiently 
large to care for extraordinary fire flows, whether the pumping 
station that supplies the system is operating or not and for this 
reason the duplication of equipment in the station, plus the 50 per 
cent excess capacity, will be sufficient for all demands that the 
station must meet at times of heavy fire drafts. 


The distribution system should be well gridironed and ieee: 
by looped feeder mains, any of which may be shut down without 
causing a reduction in pressure on the system. Particular care 
should be given to this phase of the problem. Grids should be 
designed so that the maximum demand may be placed upon them 
without serious reduction in the static head that theoretically should 


Balancing reservoirs or standpipes, particularly on the ends of 
long feeder mains traversing congested sections where demands are 
high, seem particularly adapted to the maintenance of good pres- 
sures without the need of exceedingly large mains in the distribu- 


PROBLEM OF WATER SUPPLY FOR FIRE PROTECTION 
of 
Ly 
d 
e 
Ly 
| 
a 
s 
on 
4 


V. BERNARD SIEMS 


_ tion grid, for it should be pointed out that the normal consumption 
ean be supported by a distribution grid made up of mains con- 
_ siderably smaller than those required for adequate fire protection 
and any means of saving pipe cost without increasing friction losses 

7 or otherwise causing detriment to the service is desirable. With 
such reservoirs or standpipes on the ends of feeder mains, storage 
_ may be built up during the night periods of low consumption to 
- maintain a uniform pressure during the day periods of high con- 
sumption. 

Reservoirs are also important when the entire community cannot 
be supplied by gravity from the water source, but requires more 
than one zone of distribution. Where the area served is not flat, 
but steep and the territory to be protected more extensive, sufficient 
reservoir capacity in the various zones of distribution should be 
provided to guarantee consumption demands for at least a five-day 
_ period and the fire protection demand for a ten-hour period, this 
_ provision being made not only to reduce the hazard of excessive 
_ drouths, but also of failures of pumping stations. Supply lines from 
_ reservoirs should preferably be in duplicate and to secure further 
duplication of supply it seems advisable to provide a number of 
_ smaller reservoirs rather than one larger reservoir whose capacity 
alone is sufficient. By dividing the required storage among several 
units greater protection against failure is secured. In flat country, 
_ yather than reservoir capacity, greater pumping capacity is re- 
“ quired together with a well grid-ironed system of larger feeder mains 
leading from the pumping stations along arterial highways. oe 


PRESSURE 


_ High pressures are neither desirable nor necessary, especially 
since the automobile pumper is becoming part of the regular 
ee apparatus of all fire departments. It is, therefore, better to provide 
‘mains capacity than very high pressure and a pressure averaging — 
ee . 50 to 60 pounds on a well balanced gridiron may be considered ade- 
quate and economical as well, although in congested sections where 
the — are at a pressure of seventy-five pounds is desirable. 


. a hydrants is of next importance. Bearing in mind that a ‘is: 
charge of at least six hundred gallons per minute with a friction loss — 
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of not more than 24 pounds in a hydrant and a total loss of not 


more than five pounds between the street main and outlet is re- 
quired adequately to supply the standard automobile pumper, 
rated at 750 gallons per minute, fire hydrants should be placed upon 
reasonably short branches and on mains of sufficient size to guarantee 
this discharge, considering the number of hydrants taken off be- 
tween points of support. The actual spacing of hydrants, i.e., 
the determination of the area protected per hydrant—has been 
established by the National Board of Fire Underwriters and their 
recommended spacing cannot be improved upon, although it is 
desirable to recommend further that hydrants be placed at inter- 
sections to obtain advantage of the supported gridiron, and spaced 
systematically and symmetrically to facilitate the work of fire 


The best designed system is poor practically unless continuity of 
service can be assured. Failures of water mains are often experi- 
enced, especially in congested sections where the fire risk is high. 
Therefore, valves on the distributing mains should be installed at 
intervals not exceeding 500 feet in high value districts and 800 
feet elsewhere, while on feeder mains this spacing may be increased 
to 4 mile. The scheme followed in Baltimore is to place valves 
every 300 to 500 feet or at every intersection on the minor distrib- 
uting mains in important districts and at least every 600 to 1000 
feet or at alternate intersections in other districts; every 600 to 900 
feet on secondary supply mains, and every 900 feet to } mile on the 
primary feeder mains. The importance of valve spacing is com- 
mensurate with that of duplicate supply mains and looped feeder 
mains. 

Therefore, reviewing various points to be considered in the relation 
of the water supply to fire protection we commence at the point of 
discharge, or, in other words, at the fire hydrant. The number of 
fire hydrants may be determined by the quantity of water required 
for the adequate fire flow. This number dispersed throughout the 
area to be protected will in turn determine the proper hydrant 
spacing. With these discharge points established a gridiron may 
be designed to equalize pressure and discharges sufficient for the 
demand. It is then simple to determine the required sizes of the 
secondary and primary feeders back to the reservoir which should 
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ay a be designed of sufficient capacity to meet the most severe conditions. 
In this respect one should not lose sight of the advisability of dupli- 


for fire protection be lost sight of in designing the impounding works 

and conduits which should be of sufficient capacity to maintain 

normal conditions during a serious conflagration during the drouth 
period. 

3 Systematic maintenance surveys, therefore, such as pitometer 

5 surveys for under ground leakage, valve surveys, electrolysis sur- 

; =H veys, systematic pipe cleaning, pressure surveys and fire flow test 


The perfect system physically must be properly maintained. 


Proper emergency service should be provided at district 


continued without interruption. 


PRIVATE FIRE PROTECTION WATER SERVICE 


been touched upon, consideration should also be given the private 
fire protection service. Indeed much more attention than it now 
- receives should be given this subject by the water works engineer, 


for the probable requirements of mercantile and manufacturing 


A private hee protection line should carry a fixed service charge, 


cate supply lines and counter-balance reservoirs, providing a supply 


om surveys to determine the practical functioning of the system, ee 


Me such as emergency corps and valve operating trucks provided with 


; _ particularly with reference to the design of the interior pipe systems 


q plants. Such requirements should be recognized in the design of __ 
Cis the distribution oe, and the responsibility of the water works ee 


although there should be no charge for the water actually used for 


Now that some points, relative to the general water system, have ee 


3 ss The establishment of district yards in cities over 500,000 popula- | - 
tion is desirable for the purpose of providing quick and satisfactory _ 
service in emergencies. 
: 
a. mum requirements for the economic design of the private fire pro- 


OF WATER SUPPLY FOR FIRE PROTECTION 

the extinguishment of fires. Where a water works is required to 
stand ready to supply the demands that may be placed upon it by 
the private fire protection service, it should be compensated for this 
readiness to serve by the owner of the building benefited. The 
general adoption of such a charge for private fire protection lines 
might lead to the reduction in the number of sprinkler connections 
and to a reduction in the sizes of such services requested, but this 
would not be warranted. 

The size of the private fire protection service granted should never 
equal that of the water main from which it is taken. The city 
main should always be large enough to more than supply the service 
required from it. 

The secondary supply is necessary for reason of the sprivkler 
system, whose purpose is to extinguish fires in the incipient stage. 
Therefore, the supply to such systems should be fool-proof and 
absolutely reliable. The sprinkler system is to control the fire, 
when it begins and is not for the purpose of combating a serious 
conflagration, resulting from an exposure by an adjacent building 
which is burning. Therefore, for sprinklers alone, the elevated tank 
of sufficient capacity to supply the required number of sprinkler 
heads for twenty minutes at the rate of 25 gallons a minute a head, 
is more desirable than a large private fire protection line, as there is 
danger in the case of the large fire protection line bleeding the 
system main, if it should be broken. On the other hand, where it 
is required to supply a yard fire hydrant system, a large private 
fire protection service is sometimes important. 

For the purpose of study, some consideration might also be given 
the use of the automatic control valves on the private fire protection 
service to guard against bleeding of the system in the case of the 
service being broken by falling walls. Such automatically closing 
valves, however, may be unnecessary in cities providing an emer- 
gency corps of the water department who respond to all serious 
fires. In this case there is probably no need of the automatic 
device, as the valve on the service line could be closed by the em- 
ployees of the water department. 

One other topic is important, that is, the means that should be 
adopted to prevent the pollution of a public water supply through 
an independent private fire protection system, which may be con- 
nected to the private fire protection service from the public supply. 


Iti is not to have mechanical connection between the 
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is usually raw polluted water the 
water supply, even though such connections may be protected by 
more than a single check valve or positive acting gate valve, for 
there are many cases on record where the public water system has 
been polluted through such connections. Where it is desirable to 
have an augmented fire protection service, one supplied by the 
public mains and a private source as well, the public supply line 
should be made to discharge into an elevated tank above the water 
surface, with this tank supplying the private fire protection system. 


HIGH PRESSURE WATER SYSTEMS FOR FIRE PROTECTION 


systems. In small cities where there are no tall buildings the 
economy of a separate high pressure system is doubtful, for it seems, 
after the experience of later years, that adequate protection for 
such communities could in all probability be given by the properly 
designed general distribution system. The advantages of a high 
pressure water supply system for fire protection may be secured 
economically where large supply mains, reservoirs, rivers or harbors 
are convenient to provide suction for high pressure system pumps, 
or where there is storage capacity provided on an abandoned water 
supply. However, where such supplies are available and could be 
brought by gravity to the high pressure pumping station in that 
section of the city to be protected, it would be advisable to construct 
a distinct high pressure system for the utilization of such an un- 
treated water supply. The maintenance of such a system utilized 
where there are tall buildings to protect would not be so expensive 
as to prohibit it. Any high pressure water supply system for fire 
protection should be for the exclusive use of the fire eine toad 
and no private fire protection supplies should be connected to it. 


The real problem is the determination of the future requirements 
of the community to be supplied, for at this time economics is given 
the consideration it deserves in the design of the water systems by 
water works engineers. It is almost impossible for the engineer to 
anticipate the development of a community. 

The use, height and size of buildings as well as population density 
all determine to some degree the amount of service a water depart- 
ment is called upon to furnish. Domestic supply and fire supply 


Much thought has lately been given to high pressure water supply __ 
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mr ae are » both directly affected by the occupancy of the 
buildings. These requirements further fix the size of water mains 
and affect pumping stations. 

An area zoned for two and three story building, with mains laid 
to provide for domestic and fire protection supplies, may by trans- 
formation into another use disarrange the entire network of pipes. 
The height of buildings affects water service in two ways, by con- 
centrating persons and industries in a given ground area and by 
making such demands for pressure as to require additional con- 
nections or appliances. The concentration of population and of 
commercial or industrial use is self-evident, and increases in direct 
ratio with the height. 

While the use of buildings determines the amount of water ser- 
vice to the extent of possibly 90 per cent, the effect of the height of 
buildings is variable depending upon the use or occupancy as well 
as upon the degree of responsibility assumed by the water depart- 
ment in furnishing water at desired pressures inside of the buildings. 

The size or bulk of a building directly affects the service that is 
required to the extent of possibly 5 per cent. A building covering 
100,000 square feet of floor space may be protected by a sprinkler 
system supplied by an 8-inch service pipe. A building covering 
25,000 square feet could be served from a 4inch supply. The 
8-inch sprinkler line would be taken from at least a 10-inch main, 
while the 4-inch supply might be taken from a 6-inch main in the 
gridiron. 

The concentration of activities in one large building results in 
the concentration of the water use from one supply line, which may 
materially change the main sizes in the gridiron serving the vicinity. 
Population density directly affects the total amounts of water re- 
quired for any specific use. Examples from the experience of any 
city would illustrate these points. 

Therefore, it is most important that the community be zoned in 
order that its development may be regulated by governmental 
process. Zoning provides for the engineer not only a clearly de- 
fined picture of the nature of the demand which will be made upon 
the water supply, but defines this picture by giving such details 
as the height and bulk of buildings, the area of clear spaces and high- 
ways which become factors in estimating the probable future fire 
flow requirement, for the required fire flow is the maximum demand 
that will be placed upon the water supply. It is true that the 
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effect of zoning cannot be felt immediately in a city already estab- 
lished, but although its ideal is not at once realized, the ultimate 
effect of this regulation on the growth of a community gives reliable 
aid to the engineer in closely approximating the development trend 
from field observations. This relationship between zoning and water 
supply should be clearly established in the minds of water works 
engineers and in the minds of municipal officials. This has already 
been pointed out by a member of this Association, H. Malcolm 
Pirnie, in a recent paper before the American Society of Civil En- 
gineers on this subject: 


Stability in existing water works structures and in present provisions for 
the future water supply of a community is dependent on stability in building, 


and may be secured by the early adoption of a carefully prepared zoning plan 


and ordinance. 
In preparing a zoning plan, the water supply must be given due weight with 
all other purposes in view. Water has been and still is about the cheapest of 


all public necessities. Its cost in the future, however, will be greatly increased — “ 


in some communities, if the city plans are made without consulting the water 
authorities. It is possible even to destroy an existing source of water supply by 
disregarding this phase of the problem, thus burdening the city with a cost 
for new works out of proportion to the benefits resulting from zoning. eS ; 

Finally, the water works engineer should endeavor to secure the — 
coéperation of the chief of the fire department in his community 
and there should be a more liberal understanding between the water 
works officials and the Fire Underwriters Associations. The writer 
has already received hearty codperation from both the engineers 
of the National Board of Fire Underwriters, the local Associations 
and the Chief of the Fire Department, and a similar understanding 
and and remraaty — be generally beneficial to all concerned. 


=, 


L. K. SHerman:’ Mr. Siems brought up a very important point 
in the last part of his paper, viz., the use of fire engines versus fire 
pressure at the pump station. His paper also brings up the relation 
between the Underwriters’ requirements and the engineer’s program 
that can be carried out, bearing in mind the financial and practical 
situation of the municipality. I have in mind the case of the small 


President, Randolph-Perkins Co., Chicago, Ill. 
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city, one with a population between 1500 and 5000. In one partic- 
ular instance in a little city of 1800, the Underwriters Bureau called 
for the installation of both automobile pumper and pressure of 80 
pounds per square inch at the fire pump in the water works. In 
cases like this it seems to me that these two requirements of the 
Underwriters are excessive and at variance with the conclusions 
that Mr. Siems presented which, you recall, were that a single 
normal pressure of 50 or 60 pounds at the water works together 
with an automobile pumper was sufficient. I would like to get the 
opinions of this Association. In the case of a town of 1800, is it 
necessary to have both a pressure at the water works of 80 
pounds for fire, together with an automobile pumper? If that is 
not necessary, which is better, the low pressure of 50 or 60 pounds 
with pumper or the high pressure of 80 pounds without a pumper? 
In my opinion 80 pounds pressure in the mains is an excessive 
requirement if an auto pumper is used. 


H. A. Ditu:* While not answering that question directly, I am 
considerably interested in it, representing a plant in the city of 
30,000 population, and I believe there are others here who are in a 
similar situation. This matter of extra fire pressures has become 
quite a serious one with us. Before going under the Public Service 
Commission we were under contract with the city, and were required 
for about half the fire alarm boxes to raise the pressure to 110 pounds 
on any hydrant on the first alarm. Since going under the Com- 
mission, that has not been modified. In one year on twenty-three 
out of twenty-five box alarms, by admission of the Chief, there were 
only two calls where extra pressure was necessary. We have a reser- 
voir giving a pressure in the central part of the city of 70 pounds. 
Last fall, with one pumper on a long 8-inch dead end main, there 
were five fire streams, two from a hydrant and three drawing from a 
pumper. The gauge at the office registered 140 pounds; after about 
five hours pumping, something happened. A section was blown © 
out of one of the 20-inch mains, 7 feet long and 18 inches wide. A . 
good deal of information has been secured from Indiana cities about - eon 
what they are doing for raising fire pressures, but so far the consent _ 
of the Chief of the Fire Department has not been obtained to alter 
the present rule. Maybe we have not worked the coéperation Plan — 
sufficiently that Mr. O’Brien spoke about yesterday. While all % 
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they do not come out strongly against it. With two fire pumpers 
and with normal pressures from forty to one hundred pounds, and 
assuming that the volume is furnished in any district, it seems to 
me that it is unwise and dangerous for a city to require a company 
to give excess pressures subjecting the entire system to a breakdown. 


W. S. Cramer: A recent survey at Lexington brought out what 
may be interesting to Mr. Dill as to what the Underwriters will 
require. We have four pumpers, I believe, with a combined capac- 
ity of twelve streams. In answer to an application for a reduction 
of rates, they required three additional pumpers of three streams 
capacity each, making, I think, 21 stream requirements from the 
pumpers before they would agree to relinquish the city contract 
for a raise of pressure in case of fire. We have 90 pounds on the 
first call and 110 on the second. That is about what their require- 
ments are in a city of 45,000 inhabitants. They are in favor of it, 
but make pretty strong requirements in the way of pumpers and 
the number of streams you have to furnish. 


CHAIRMAN Hitu:* Are there any further remarks? I think pos- 
sibly a little something may be said that may help a bit in connec- 
tion with the question that has been put up by Mr. Sherman. The 
question of static pressure depends to a great extent upon the system 
of mains in the distribution system and the friction losses from the 
point of supply to the point of discharge. If a town has a well 
designed system with large mains and low friction losses so that 
the residual pressures when the pumper is being used is adequate 
at the hydrant, they may operate with lower pressures than the 
town which is not so designed, that is, with lower pressures at the 
pumping station. Our own experience with the Underwriters is 
that they are not so much interested in static pressure at the pumping 
station as they are in the residual pressure at the hydrant, when the 
hydrants are being drawn upon for fire protection, and unless the 
condition is very unusual in the town mentioned, I am surprised 
that they should ask for any such pressures, because, in my experience 
they have not done so where pumpers are used. In fact, in the east 
I know that the National Board of Underwriters asked a residual 
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pressure at the hydrant when the hydrant is being drawn upon for | 
a given quantity of water of from ten to twenty pounds. Now, — 
of course, if it requires 80 pounds at the pumping station to give 
10 or 20 pounds at the hydrant, that may explain the reason. On — 
the other hand, if it only requires 40 pounds at the pumping © 
station to give 10 pounds or 20 pounds residual at the hydrant, | 
that is all that should be required where pumpers are used; in other 
words, there is a relationship between pressure at the pumping 
station and the size of the mains in the grid which deliver the water 
to a given point for fire protection, and I do not know whether that _ 
question could be answered definitely unless the conditions were 
more fully stated; but generally speaking, it seems to me absurd to 


pairs to plumbing and the extra cost in the way of cast iron mains 

to withstand heavy pressure, to say nothing of the danger of the 
distribution system giving way at the very time they do not want i : 
an accident of that kind, by maintaining excess pressure on the sys- 
tem. I know from my own experience that in many towns where 
they raise the pressure at the pumping station, there is always a 
flood of requests on the plumbers to come and repair the plumbing _ 
after the pressure has been raised for fire protection purposes. 


L. K. SHerman: I do not want to give the impression that the _ 
National Board of Fire Underwriters requires these pressures; it is _ 
the city. Tests by the Board three years ago showed that there 
was no place where there was a residual pressure of less than 15 
or 20 pounds. 


W. W. Brusu:’ In reference to Mr. Siems’ paper, there was one © 
point I wanted to bring out to you, and that is whether one is ade- © 
quately safeguarding the continuity of the supply by a duplicate — 4 
delivery main system from a pumping station. I have seen, in a 
connection with my own works, a plan brought to me where there ts as 
is one valve separating the two delivery mains. Now if that valve | i a 
gives way your station is done. It is very correct to say that that — tee 
valve is not likely to give way, but I personally would advocate — ie 
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way, we are very sorry we have overlooked it, and the cost of the 
additional valve is a small expense compared with the expense we 
incur to duplicate the main. Secondly, I think we should 
all examine our systems from a point of view of seeing whether we 
have an adequate duplication. We have been inclined in the past 
to be very economical in our water supply systems. The reaction of 
the individual toward the cost of water is rather surprising to me, 
indicating that he is rather concerned about the cost of water when 
the cost of water is practically negligible in the budget of the family. 
The head of the family pays on an average of perhaps $1.50 or $2.00 
a year for water per person in his family. Now, if that were doubled, 
it would not make any difference virtually in the amount of amuse- 
ment he would be able to get or the amount of clothes or food or 
any other item in his family budget and by adding to the cost of the 
water far less than doubling the present cost, you can put your 
system in such a condition that there is no question about the ade- 
quacy of the various parts to function even though some one part 
gives way. 

In New York, within the last two months, we have had a case 
where in spite of quite extensive appropriations to avoid leaving a 
rather large section, several blocks in area, without water, we did 
leave those areas without water due to a lack of duplication of mains 
for which there were various reasons, but it should not have been 
so, and I trust that it never again will occur. I do not believe after 
two years from now that it ever will occur again in New York City. 
That should not happen, unless you had a catastrophe which might 
result from an extensive earthquake or something of that character 
which none of us could prevent; but, nevertheless, as Mr. Fenkell 
suggested, it would be advisable to see that we are fairly well 
equipped to handle a situation that might come as the result of an 
earthquake and we should not hesitate to put up to our financial 
authorities the question of spending the money to duplicate part 
of the system. 

I hope you will pardon me if I refer simply to New York, because 
I know that system and do not know the others very well. In New 
York we have the question of being dependent upon a single aque- 
duct for the supply that represents now two-thirds of our consump- 
tion. It will cost us $40,000,000 to duplicate that aqueduct in 
round figures. I do not think the city of New York should hesitate 
for a minute on spending that $40,000,000 to duplicate that aquedu 
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It means that it will add to the family budget thirty cents a year for 
each person to safeguard two-thirds of the present supply of New 
York City. Now we have people of various nationalities, various 
races, in our city; some might hesitate on that thirty cents, but I 
do not think that, as water works engineers, operators, and super- 
intendents, we would be doing our duty, if we failed earnestly to ad- 
vocate the spending of that thirty cents per person to safeguard 
the supply, and what applies to New York applies to every other 
community. We happen to be the biggest aggregation of people, 
but that does not change our problem. Whether we be six million 
people or 30,000 or 10,000, we ought to see to it, that, as far as 
can be, we safeguard the continuity of our supply. 

As to what we do in practice on the question of our fire service, 
we have, on second alarm fires, a gang that responds, and that gang 
is kept on duty throughout the twenty-four hours. That is true 
of our larger boroughs, Manhattan and Brooklyn; it is not true of the 
outlying boroughs. The gang responds to two-alarm fires, and they 
are there to do anything that would be helpful to the fire depart- 
ment. They are very seldom called upon to do anything, but 
they take a record of the pressures at all the engines, and if any- 
thing should happen that would affect the water supply, they are 
there to take immediate action and aid the fire department. Our 
fire department thinks that is necessary; I do not know that it is 
necessary, but it is what we do. 

We do not give our hydrants nearly the care that some of you men 
give in smaller communities, but we do try to have them all ex- 
amined at least once a year. We have our gangs so that our hydrant 
repairs are absolutely within about three days of up-to-date. Some 
two years age we were way behind, but we now have these special 
gangs that look after the hydrants and I think it is easy to be within 
three days of up-to-date on your hydrant repairs. 

Mr. Hill has just spoken about the question of emergency service. 
That necessarily will have to be based upon the size of the community 
and the conditions. In the borough of Manhattan, what I have 
been advocating for several years, but have not as yet succeeded in 
having allowed, is to have an assistant engineer on duty through- 
out the twenty-four hours every day in the year, whose function 
and duty would be to be in the office, see that the maps of the distri- 
bution system were kept up to date by working on them during his 
hours that he is not on outside work and only go outside when he is | 
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called on account of emergency, and then he would have a machine 
that would be available at headquarters and he could reach any 
part of the city in a very short time, probably half an hour at the 
most. He would then take care of shut-downs. What we do is 
to have our engineers on emergency duty so that from the time they 
reach home until they arrive at the office, there is some man who 
must be within telephone call, and the list is given to the various 
men, so that they can reach that man, but in a case of a large com- 
munity like New York, where we have our subways and the inter- 
ference and damage caused by breaks in the mains, I think there 
should be somebody who can reach the job within the time neces- 
sary for an automobile to travel from headquarters to the place 
of the break, and take charge and act intelligently. You have a 
good many valves to operate and your foremen, while pretty good, 
frequently fail to appreciate the situation that confronts them and 
do not take action that would be as satisfactory as that taken under 
the direction of a trained engineer. That engineer would have to 
rotate with the other engineers so that he would not be on that duty 
continuously, for you would not get men worth while to stay on that 
work, if they did not think there was any future for them. We 
have these gangs at night in all the boroughs, so that they are there 
and they have no other function than to respond to emergency calls. 
If a gang goes out on an emergency call in the large boroughs, we try 
to have another gang available while it is out in case a second call 
comes in. 


D. R. Gwinn:® I agree with Mr. Brush in regard to the duplication 


of valves on the main feeder lines. I would go a little further. We — 
have a duplicate system of steam pipe running to the various pipes 
and extra valves put on them, so that if one goes wrong we have 


another to fall back on. It is a poor thing for a fiddler to try to 


play on one string; it is good to have several strings to your bow; __ 


that is the plan we have gone on in our coéperation with the fire 
department. In 1910, when the Underwriters came to our city 
and gave us some excellent ideas, after they went away we made a 
tracing of our water system showing all the valves, hydrants and the 
size of the mains graphically, different lines according to different 
sizes, and every year we check up that map and make blueprints 
for every fire house in the city, and they put them up on the wall. 
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If we add to them during the year, we notify them. If we put in 
additional hydrants, we advise them, so they can keep in touch __ 
with it and know what size the mains are and where the hydrants ~ 
are located, and the chief looks over them. Then we haveacut-a- 
way hydrant showing the operation of the hydrant and we haul 
that around to the different fire houses and have the chief show a 
the men how it operates, which way to turn it, and what isthe actual __ 
result of the turning of that hydrant wrench. The consequence was ~ 
that we got along very nicely with the fire department and cut our _ 

fire losses down very materially. Those are things we did years 
ago, but in later years, it was my pleasure to sit at the feet of our 
President, Mr. Jordan, who in my mind, has done more to bring 
about cordial relations between water works superintendents and 
chiefs of fire departments than any one man in the United States. _ 
He is still doing that work, going up and down the country giving __ 
his talks on fire prevention and how to doit. Hecame toourcity 
as the guest of the Chamber of Commerce and gave us atalk on => 
the subject of how to prevent fires, and then we had Chief O’Brien — 
come over and talk, and we had the captain of the Salvage Corps 
make a talk to the public schools on that line, and the result was at 
the suggestion of our President we took some action on Fire Preven- 
tion Week and ran a regular campaign. We had four minute ~ 
speakers at the theatres, perhaps also at some of the churches and © 
the schoolhouses. The chief would run out a truck of the firede- _ 
partment and they would sound the fire alarm and get the children _ 
all outside, and then one of the firemen would make a talk. We _ 
tried first having a lawyer make the talk, but that was not aseffec- 
tive as a man with a uniform; the children pay more attention to 
a man in uniform than to one in everyday clothes, and the result 
was that we got the children interested; and then we had 14,000 or 
16,000 questionnaires printed about what is the condition of the 
flues at your house, where do you throw your ashes, and that sort 
of thing. We made out a long list of questions on letter paper size, 
and every child was furnished with those questions, in the public 
and parochial schools, and told to take them home and fill them out 
and bring them back next day. The result was that the children 
got good ideas about what to do and they were good workers for 
fire prevention. Then we offered prizes for the best reports made, 
and we went to our manufacturers and they offered prizes. 
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PROPOSED SECONDARY CHLORINATION OF NEW YORK 
WATER SUPPLY AFTER LEAVING OPEN RESERVOIR 
AT HILLVIEW! 


GENERAL 


The surface water supplies of the City of New York are mainly 
obtained from the Catskill and Croton watersheds. The existing 
_ protection from pollution of these waters is secured by watershed 
patrolmen, by the city ownership of a small portion of the land 
bordering on the streams and by the city owership of all lands 
_ bordering on the various reservoirs. The waters are used by bathers 
in the streams and lakes not owned by the city and there is a popula- 
tion of about 25,000 people on the 375 square miles of the Croton shed 
and a winter population of 13,900 and a summer population of 35,500 
_ on the 571 square miles of the Catskill shed. The purification of the 
waters is secured by chlorination of part of the water before it enters 
the main storage reservoirs, by long sedimentation in the storage 
; reservoirs, usually represented by several weeks detention, and by 
- chlorination after leaving the main storage reservoirs. 
‘ On the Croton watershed there are five small chlorinating plants 
continuously treating the flow of minor tributary streams whose 
waters show evidence of pollution. In addition all the Croton supply 
is treated at Dunwoodie as it flows through the aqueducts. Dun- 
woodie is located about two miles above the City line. As the Old 
Croton aqueduct is built in rock tunnel in Manhattan under Amster- 
dam Avenue between 135th Street and 140th Street and as the sewers 


it has been considered advisable to again chlorinate the Old Croton 
aqueduct flow as it enters the gatehouse at 135th Street and Amster- 
dam Avenue and this has been done since 1924. Numerous tests 
made of the seepage into this tunnel section and of the flow after 


1 Presented before the Louisville Convention, April 30, 1925. 
Deputy Chief Department of Water Supply, Gas and 


i F 
‘ 
A 
be 
1 
‘te 
1 
| 
x 
Bans 
radien he gr part 
pa 
a 
a 


passing through the tunnel have shown no evidence of pollutioninthe __ 
bacterial content, but the menace of possible sewage pollution is 
ever present. 
The proposal to subject all the Catskill supply to secondary treat- _ 
a ment is the one that is considered the most interesting and desirable 
: for discussion so that no further mention will be made of the Croton 
treatment. 


7 ma SANITARY CONDITIONS ON THE CATSKILL WATERSHEDS 


There are two main watersheds on the Catskill system known | 
as the Esopus and Schoharie. The latter has been available only — 
since the eighteen-mile Shandaken tunnel was completed in February —% 
1924 and now delivers about one-third of the Catskill supply. At — 
the end of 1925 with the completion of the Gilboa Reservoir the __ 
Schoharie will deliver one-half of the supply. There are five villages, . 
each with several thousand inhabitants in the summer season, which 
are to be sewered at the expense of the city, but these systems have 
not been installed. The watershed is generally used as a summer 
vacation area and many bathe in the small ponds along the streams 
tributary to the reservoir. The individual toilets and the sanitary 
conditions on the farms have been looked after by the city. The 
water is not now as free from pollution as it will be in a yaer or two 
hence, when the sewer systems have been installed. The average 
bacterial and B. coli content of the Schoharie water as delivered into 
the Esopus stream during 1924 has been as follows: bacteria, 550 
per cubic centimeter; B. coli per 10 cc., 201. 

On the Esopus watershed the city has constructed one sewage 
collection and disposal system and plans to construct three more 
which will adequately care for the communities on this watershed 
which are smaller than those on the Schoharie shed. The bathing 
and summer visitor situations are similar to those on the Schoharie 
shed. The average bacteria and B. coli content of the Esopus water 
during 1923 before the Schoharie water was added was as follows: 


bacteria, per cubic centimeter 34; B. coli per 10 cc., 5. insipes 


CHLORINATION PLANTS ON THE CATSKILL SYSTEM 


a. Boiceville. This plant is located on the Esopus Creek just ; aie 
above the upper end of the Ashokan reservoir and prior to the 
utilization of the Ashokan reservoir plant in January, 1925, was 
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operated continuously, except when flood flows were in excess of its 
capacity of about 1000 m.g.d. This plant is to be used hereafter 
during the summer season to counteract the bathing and summer 
vacationist pollution and will treat both the Esopus and Schoharie 
waters. 

b. Ashokan reservoir. This plant is located in the screen chamber 
at the head of the aqueduct and was placed in service on January 5, 
1925. Its function is to treat all the Catskill water to counteract any 
pollution of the water. Due to the usual long period of sedimentation 
in the reservoir and the division of the reservoir into two basins the 
water is generally in a very uniform condition and low in bacteria, 
including B. coli, but at times of heavy flood flows the water may 
have a relatively high turbidity and reach the outlet chamber in a 
couple of days after entering the reservoir. When the construction 
of sewers on the watersheds has been completed it may be deemed 
advisable to operate this plant only when the water is polluted by 
flood flows, but this question is one for determination in the future. 

During 1924 the average condition of the water as delivered into 
the aqueduct was: bacteria, 84 per cubic centimeter; B. coli per 
10 cc., 0.45; turbidity 5. Its condition as drawn at time of high | 
turbidity was; bacteria, 152 per cubic centimeter; B. coli per 10 cc., 
0; turbidity 16. ; 

c. Kensico Reservoir. The plant at the screen chamber on the 


aqueduct below the effluent chamber of Kensico reservoir isthe main 


plant and has been designed to maintain constant delivery of chlorine 


into the supply. For a very few hours each year there have been 


interruptions in the flow of chlorine, but the prior purification of the 
water has been so consistently high that such interruptions have not 
been considered serious. Kensico reservoir has a tributary water- 
shed of 22 square miles and a flow from the Ashokan reservoir of 
about 600 m.g.d. The tributary watershed is rather sparsely settled 
and the pollution reaching the water is limited to surface wash. Since 
the Catskill aqueduct was completed to its full capacity in December, 
1924, the flow into the reservoir has increased 50 per cent, reducing 
the average time of the water passing from the influent chamber to 
the effluent chamber a distance of three miles from about three weeks 
to two weeks. The Kensico reservoir has an available content of 


30,000 m.g., but a large portion of this water is stored in the reservoir 4 


outside of the line of flow from the influent to the effluent chamber. 
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The average condition during 1924 of the raw water from Kensico 
reservoir and the treated water was: ae 


Raw water: Bacteria, 25 per cubic centimeter; B. coli, per 10 cc. ...0.12 ay, 
Treated water: Bacteria, 8 per cubic centimeter; B. coli per 10cc. .0.005 


The turbidity of the Kensico reservoir is usually two to three parts 
per million on the silica scale, and the maximum turbidity was five 
in 1924, 


CONDITIONS TO BE MET BY THE HILLVIEW RESERVOIR CHLORINATING 
PLANT 


After the water passes the Kensico chlorination plant it flows 
through fourteen miles of aqueduct consisting of concrete cut and 
cover, concrete lined grade tunnel, concrete lined pressure tunnel and 
steel pipe siphon types of construction. The hydraulic gradient is 
below the ground water level for various portions of this distance and 
possibility of pollution exists, although at present it is very slight. 
Hillview reservoir is an open basin with a dividing wall usually below 
the water surface and through which a bypasss conduit is constructed 
which can carry about two-thirds of the present demand. From the 
end of August until the following April sea gulls flock to this reservoir 
at times numbering thousands. They alight on the water arriving 
about eight o’clock and remaining until dusk. If an air plane passes 
over the reservoir they will disappear for the remainder of the day. 
Under the New York State Laws they cannot be killed and the 
legislature has refused to modify the law to permit these birds 
being killed if found on a distribution reservoir. For the greater part 
of the time from one to two men are kept out on the surface of the 
reservoir in a boat to shoot at the birds in such a manner as to have 
the shot hit the water but not hit a gull. Experience over several 
years has shown that the birds soon lose their fear of the men and 
cannot be driven away in this manner unless more boats be used. 
The effect of the gulls on the pollution of the supply is evident in the 
late summer and fall as shown by the average B. coli content during 
this season and the season when the gulls are not present. In the 
cold weather the effect of the gulls is not noticeable in the B. coli 
content. The water after treatment at Kensico as shown by daily 
tests, was free from B. coli in 10 cc. during the entire twelve months 
with the exception of o one sample smh was also virtually free from B. 
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This result was shown in spite of the by-passing of the reservoir 
during September and October to the extent that the capacity of the 
by-pass permitted. 

The Hillview reservoir is surrounded by a wire mesh fence 6feet 
high of the non-climable type and set back about 20 feet from the 


that the water might be contaminated by throwing something over 
the fence either with deliberate intention or due to ignorance. There 
are very few visitors to the reservoir grounds and the chance of such 
pollution seems very slight. 

Microscopic organisms, especially synura, have developed in the 
Kensico reservoir without being detected by the daily laboratory 
examination before a distinct taste has been imparted to the water 
by the chlorine destroying these organisms. The synurae have beer. 
controlled up to about 100 units per cubic centimeter by excess chlo- 
rination, copper sulphate treatment being resorted to as soon as 
possible after the synura organisms have been noticed. 
REASONS FOR PROPOSING TO OPERATE BOTH THE KENSICO AND 
"Fiew PROPOSED HILLVIEW CHLORINATING PLANTS 


When the Hillview plant is installed, which it is expected will be 


reasons: 

a. The Kensico plant will give warning of the presence of synurae : 
in sufficient numbers to cause taste before the laboratory might — 
notice them. This taste when first noticed generally disappears 
during the six hours required for the water to flow to Hillview and by 
increasing the chlorine dose at Kensico the taste is removed pending 
the destruction of the synurae by copper sulphate treatment. With- 
out the treatment at Kensico the taste created by chlorination at 


water line. The State Department Health officials have suggested 1 


during 1925, we propose to operate both plants for the following — 
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thorough enough manner to insure at all times sterilization of the 


CHLORINATION OF NEW YORK WATER SUPPLY 531 


Hillview when synurae are present would not be dissipated before the 
water reached the consumer, which for some sections of the city 
would be within an hour. 

b. Secondary chlorination at Hillview virtually removes any 
chance of any particle of water reaching the consumer without being 
treated. 

c. Hillview reservoir effluent chlorination will counteract the 
gull pollution and any accidental or intentional pollution of the 
water while in Hillview reservoir. After the water leaves the reser- 
voir it is under a pressure which exceeds the outside ground water 
pressure at all points thus preventing any subsequent pollution. 

d. The chlorine dose at Hillview can be maintained at a lower rate 
if it follows a previous chlorination about 12 to 24 hours earlier at 
Kensico and thus minimize the danger of any excess chlorine taste 
due to difficulty in control of amount of chlorine with the daily and 
hourly fluctuations of the draft from Hillview reservoir to meet the 
consumption demand. 

e. Elimination of any reasonable basis for any suspicion of the 
sanitary quality of the Catskill water as delivered, if any unusual rise 
in the typhoid fever rate developed such as was traced to oyster 
pollution during the past winter. 


CONCLUSION 


The dependence on chlorination for the safety of a water supply 
demands a higher degree of insurance of adequate and absolutely 
continuous treatment of the water than has been the general practice 
to date. The use of the excess chlorine control method has been a 
great aid in determining the safe minimum dose, but more attention 
should be paid to the possibility of drops of water passing the treat- 
ment plant either untreated or insufficiently treated. Turbidity 
means that bacteria may be encased in matter in suspension which 
is not broken up or penetrated by the chlorine. The delivery of the 
chlorine is not uniform enough and is not distributed generally in a 


entire mass of water treated. Secondary pollution in open reservoirs 
or in conduits with gradients below the water level in the surrounding 
soil may occur and must be counteracted by secondary treatment. 

This subject is a most important one and is deserving of considera- 
tion and discussion with a view to placing the chlorination of water Bee 
supplies on a safer and more logical basis than exists today. 
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By Lreonarp METCALF! 


--—- The following data concerning price trends of centrifugal pumps, 
prepared by one of the large manufacturers of pumps in this country, 
‘ was unfortunately received too late for inclusion in the Manual of 
ae Water Works Practice, recently published by the American Water 
Works Association. 
Mele In order that the data may be available to those interested in price 
trends and in the valuation of water works, and may be added to 
Table 32, page 489 on “Price Trends of Labor Construction, Mater- 
ials and Supplies of Water Works in the United States’ of the Man- 
ual, they are presented below. 

The first group covers the fluctuation of prices for various types of 
single stage centrifugal pumps of less than 125 horse power for motor 
drive, including the bed plate and coupling. The cost of the electri- 
cal equipment has been excluded, as it would cover a considerable 
range, depending upon the type of current, voltage, starting equip- 
ment, etc. 

The second group covers the fluctuation in prices of single stage 
centrifugal pumps of more than 125 horse power for motor drive, 
including bed plate and coupling and excluding electrical equipment. 

The third and most significant group covers the fluctuation of 
prices for turbine-driven units of large size. 

The fourth group covers the fluctuation in prices for small turbine- 
driven multi-stage centrifugal pumps. 

It will be noted that the present day price upon the first group 
(small motor driven units) of less than 125 horse power, is very little 
above the pre-war price. This is accounted for largely by the fact 
that the pump casings are now being manufactured in quantity. 
On the other hand, the prices on motor driven pumps of larger capac- 
ity than 125 horse power have risen more in accord with the general 
increase in cost of labor and materials, since these pumps cannot be 


put through the shop in quantity lots. 
7 
1Consulting Engineer, of Metcalf and Eddy, Boston, Mass. 
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In the large turbine-driven units, it is difficult to get strictly com- 


parable data, because the costs vary widely with different types of 
casing, gear and pump bleeder arrangements, steam conditions, 
governing devices, etc. The figures submitted cover various actual 
installations based usually on the use of a multi-stage turbine and two 
pumps in series, the figures compared being the actual final contract 


prices. 


PRICE TRENDS UPON 


Year Motor driven | Motor driven | turbine driven | turbine driven 
pumps of less than| pumps of more 
125 h.p.* than 125 h.p.* pumps,.complete.t;/pumps, complete. 
(1) (2) (3) (4) (5) 
1909 90 
‘ 
1910 90 92 
1911 92 94 
1912 94 95 
1913 97 98 
1914 100 100 100 
1915 107 113 85 100 
1916 114 126 137 140 
1917 122 136 166 195 
1918 130 146 186 220 
1919 142 158 188 244 
1920 154 170 189 260 
1921 156 162 191 244 
1922 130 155 192 240 
1923 112. 148 192 
1924 110 146 193 230 
1925 110 145 194 
10 years 
(1915-1924) 139 146 172 211 
5 years 
(1920-1924) 124 156 191 242 


* Including bed plate and coupling, excluding electrical equipment. 
t Most significant and characteristic group. 
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In general, it would probably be safe to say that the large turbine- 
driven pumping units have doubled in cost since 1914, whereas the 
average cost of the motor driven pumps of the larger sizes has 
increased about 50 per cent and of the smaller size about 20 per cent. 
The greater increase in cost of the turbine-driven units is, of course, 
accounted for by the fact that they are designed and built to meet 
rs} special conditions, and because of the refinements that have been 
mah made during this period, involving higher steam temperatures and 
duty, etc. 

From the point of view of valuation, the third group of figures 
given, covering the fairly large turbine-driven units, is the most signi- 
ficant because the costs involved therein are far greater than those 
involved in the small units and are on the whole more characteristic 


of the entire pumping plant. 
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STUDIES OF DIFFERENTIAL MEDIA FOR DETECTION OF | 


BACT. COLI IN WATER 


‘By H. G. Dunnam, M. H. McCrapy H. E. Jonpan 

One phase of the work of Standardization Council Committee No. 1 
(Standard Methods of Water Analysis) has enlisted the codperation 
of a large group of workers over the country, and has reached the 
stage that a definite statement of the progress made to date should be 
available for general study and criticism. 

This work has been done under the supervision of Jack J. Hinman, 
Chairman of the Committee, with sub-topics directed by the authors. 
The study is based upon what appears to be a need for revision of the 
present standard A. P. H. A. method for determining the presence of 
the colon group of lactose fermenting aerobes. 


I. DYES FOR CULTURE MEDIA 


Coincident with the cutting off of the former supply of Gruebler 
dyes, and later with the importation of post-war Gruebler dyes and 


the availability of American-made dyes, came the uncertainty of 
results obtained. Most workers necessarily had to use the new 
sources of supply, preferably the American-made dyes. The results 
with these new dyes were not always satisfactory from a cultural 
standpoint, and in a great many cases we were not fortunate enough 
to have, for comparative studies, the old pre-war dyes on which our 
formulae were based. 

Realizing this uncertainty and the great importance of the proper 
concentration of the right dyes in certain culture media, a section of 
Committee No. 1 was assigned to the duty of studying the available 
dyes for use in eosin-methylene blue agar, brilliant green bile medium, 
and gentian violet lactose broth. 

To simplify matters we secured dyes from American manufacturers 
only. A list of American dye manufacturers was made quite com- 


1 Director, Bacteriological Laboratory, Digestive Ferments Co., Detroit, 
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plete with the kind aid of Dr. H. J. Conn, Chairman of the Cons 
mission on Standardization of Biological Stains. Samples of dyes 
were obtained from: National Aniline and Chemical Company, 
The Harmer Laboratories Company, Empire Biochemical Company, 
Hartman-Leddon Company, Providence Chemical Laboratories, The 
Heller and Merz Company, Dye Stuffs Laboratory Company, Albert — 
David Chemical Company, Caleo Chemical Company and E. I. du — 
Pont de seemeeend and Company, Ince. 


Eosin Y and methylene blue 


~The logical way to study the dyes for this medium seemed to be to 
compare each eosin with each methylene blue. Such a project was — 
impossible, so Dr. Levine (proponent of the formula) compared all of 
the eosins with his original pre-war Gruebler methylene blue and also 
with methylene blue No. 4 manufactured by the National Aniline and 
Chemical Company (this particular lot had previously been ex-— 
amined and found quite satisfactory). From Dr. Levine’s work 
eosin No. 28, manufactured by the Dye Stuffs Laboratory Company, 
was selected as one of the most satisfactory eosins when used with © 
methylene blue No. 4. ms 
A method was drawn up to compare each eosin with methylene 
blue No. 4 and each methylene blue with eosin No. 28. A basic 
dehydrated medium containing all the ingredients except the dyes, _ 
and a sample of each of the eleven methylene blues and eight ena f ‘ : 
were submitted to each of the eight workers who very kindly codéper- — 
ated in this problem. The 19 combinations of dyes were compared _— 
with each other, paying special attention to vigor of growth, sheen, — oe : 
and differentiation. Cultures of Bact. coli and Bact. aerogenes were 
used to determine these points. : 
Taking into consideration all of these points, we were able to 
select five combinations that seemed to produce the most character- 
istic reactions. Most of the remaining combinations were poor in 
one or more characteristics. 
The work on brilliant green consisted, essentially, of a imal | 
study of the effect of added dye, in varying concentrations, upon the 
metabolic activity of laboratory strains of Bact. coli, Bact. aerogenes, _ 
and B. welchii. Gas production was taken as an indicator of met- — 
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abolic activity, and was recorded after twenty-four, forty-eight and 


seventy-two hours incubation. The dye medium in each case was | 


compared with the same medium without the dye. All workers 
were supplied with a method, a dehydrated basic medium, and 9 
different samples of dyes. The relative amount of gas produced in 
the dye medium in comparison with the same medium without the 
dye was determined by dividing the amount of gas in the dye medium 
tube by the amount of gas developed in the control tube. 

As a further check on the effect of the dyes, a study was carried out 
to determine the dilution of rejuvenated culture necessary to insure 
growth in 1/10,000 brilliant green bile medium in comparison with 
lactose broth containing ingredients in proportions given in “Standard 
Methods” 1923, published by the American Public Health 
Association. 

From these studies two dyes were selected that were very satis- 
factory, and four others were considered practically as good. 


Gentian violet 


The studies of gentian violet were essentially the same as those 
earried on with brilliant green, except that the basic medium was 
lactose broth containing ingredients in proportions given in “‘Standard 
Methods” 1923. 

For this study we were fortunate in obtaining two samples of 
prewar Gruebler gentian violet from Jack J. Hinman, Jr., and Max 
Levine. These two dyes were compared with one of the American- 
made dyes by M.S. Marshall of the Bureau of Laboratories, Michigan 
Department of Health. 

The work on gentian violet does not warrant any definite conclu- 
sions. It is hoped that more work can be carried on during the 
oresent year to determine, if possible, the best available gentian 
violets. 


It is hoped that this preliminary report will encourage further work 
and stimulate greater interest in the dye media problems. It is 
further hoped that the American dye manufacturers will be sup- 
ported in their attempts to supply laboratory workers with better 
dyes. 
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This work was made possible by the kind coéperation of: 


re M.S. Marshall, Bureau of Laboratories, Michigan Department of Health, 
Lansing, Mich.—Coéperating on all three problems. 

J. W. Kellogg, State Laboratory of Hygiene, Raleigh, N. C.—Coéperating 
r on eosin methylene blue agar and brilliant green bile. 

A. Mantel, Water Department, City of Memphis, Memphis, Tenn.— 
Coéperating on eosin methylene blue agar and gentian violet lactose 
broth. 

Max Levine, Department of Bacteriology and Hygiene, Iowa State Col- 

lege, Ames, Iowa. 

A. M. Buswell, State Water Survey Division, Urbana, III. se, 
L. C. Bird, State Department of Health, Richmond, Va. Swit 
Geo. R. Taylor, Scranton Gas and Water Company, Scranton, Pa. nb aj 
F. E. Hale, Mount Prospect Laboratory, Brooklyn, N. Y. i : 
M. H. McCrady, Provincial Bureau of Health, Montreal,Canada. _ 
H. E. Jordan, Indianapolis Water Company, Indianapolis, Ind. __ 
H. Rosenthal, The Dallas Laboratories, Dallas, Tex. ay 
A. V. Graf, Water Division, City of St. Louis, St. Louis, Mo. wee 
_-W. H. Durbin, Terre Haute Water Works Company, Terre Haute, Ind. 
= jis J. C. Swenarton, Municipal Department of Health, Baltimore, Md. 


BY M. H. MCCRADY 
_ This study was undertaken as part of the work of Committee No.1 
of the Association during the years 1923 and 1924. Its object was to 
determine the value of brilliant green lactose peptone bile (formula 
and procedure of Muer and Harris, Amer. Jour. Pub. Health, No- 
vember, 1920) as compared with the standard lactose broth as usually __ 
employed, through coéperation of several laboratories located in 
various sections of the United States and Canada and handling 
various types of water. 4 


- Associates: listed in JouRNAL, October, 1925, page 345, 

The first consideration of these Associates was standardization 
of the medium to be employed. A study, by H.G. Dunham, F.E. _ 
Hale, H. E. Jordan and M. McCrady of nine samples of brilliant 
green obtained from various sources indicated the majority to be _ 


_ # Chem.-Asst. Bact., Provincial Board of Health, Montreal, Quebec. 
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brilliant green No. 184, Coleman and Bell, Norwood, Ohio. 
parison, by F. E. Hale and M. H. McCrady, of various dried oxgalls 
prepared by H. G. Dunham, with the codperation of the Digestive 
Ferments Co., indicated a variation in results obtained with differ-— 
ently prepared oxgalls, but one was chosen which appeared to give 
results equivalent to those obtained with the specially prepared oxgall 
employed by the originators of the medium. This oxgall was desig- 
nated as Special Oxgall No. 12224, and is now being supplied by the 
Digestive Ferments Company, Detroit, Mich., as Bacto-Oxgall. 
The work accomplished by the associates with the special dye and 
the special oxgall, or the oxgall distributed by the originators of the 


TABLE 1 oe 
RATIO: PRESUMPTIVE TUBES 
TUBES WITH EACH CONFIRMED TUBES 
= MEDIUM 
Broth Bile 
567 
C. R. Cox, Reading, Pa............ 666 73 
145 
F, Stover, Louisville, Ky........... 260 oa! 03 
9 
C. Burdick, Flint, Mich............ 
198 broth 81 
H. E. Jordan, Indianapolis, Ind. 180 bile 69 
121 
N. J. Howard, Toronto, Ont....... 280 Bi F ili 
82 
M. H. McCrady, Montreal, Que....| 240 70 


medium, included a study of 1653 tubes of bile medium and a similar 
number of tubes of standard lactose broth planted with equal quan- 
tities of water, and complete confirmation of 1359 presumptives. 
These results are detailed in table 1. 

A large amount of other data was contributed by the Associates, 
employing other oxgalls and other dyes. The total records received 
included study of 30,000 tubes planted and 8000 presumptives 
carried through the confirmation tests. 


Associates: listed in JourRNAL, October, 1925, pages 345 and 346. 
Employing the special dye, and the oxgall generously distributed, 
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standard lactose broth (gas, forty-eight hours) 


he PRESUMPTIVE TUBES 
Brilli 
MEDIUM Broth 
Surface R 38 | 266 212 199 
182 197 
Surface S 38 | 266 lll 88 
100 85 
Surface ST 139 | 695 369 7 
17 7 
. 85 | 255 205 153 
152 126 
C. J. Lauter, Wash- || Surf F | 80 | 400 100 32 
Surf FT 90 | 450 141 6 
6 4 
SufR | 3 | 7 | 40 34 
J. W. er Provi- 26 26 
Surf FT 79 158 41 0 
0 0 
M. H. McCrady, Mon- ‘ 29 
treal, Que........... Ground R 28 | 280 62 40 
39 35 
on 34 68 22 25 
18 14 
Ground Wb: 16 32 21 21 
16 17 
Surface 19 19 15 15 
SufT 133 | 186 31 6 
J. W. Kellogg, Raleigh, iy 13 6 
Gea 68 88 31 20 
30 20 
mat 
P. Boynton, Clarks- 21 16 
burg, W. Va....... ws 21 16 
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TABLE 2—Continued 


PRESUMPTIVE TUBES 
CONFIRMED TUBES 
ASSOCIATE WATER SAMPLES a 
MEDIUM Broth J 
W. M. Wallace, De- ihe 100 144 
troit, Mich............ Surf R ad 185 93 125 
D. L. Maffitt, Des oe 40 38 
J. H. Rider, Tucson, | Surf and 198 144 
Ground 24 26 
Surf R 97 485 89 52 
C. C. Ruchoft, Chi- 68 8 
Surf T 76 | 380 83 36 
50 35 
A. H. Straus, L. H. 162 127 
Enslow, Richmond, Va.| CTOUnd 235 | 705 | 731 
Surf R 117 | 351 181 173 
181 170 
Frank Raab, Minne- Surf F 42 126 82 63 
apolis, Minn......... 81 63 
Surf FT 117 | 585 24 0 
0 
Surf R 11 38 3 
H. W. Clark, G. O. 3 2 
Adams, Lawrence, || Ground R 14 42 0 a 
Mass. All samples 0 0 
Gas, forty-eight Surf F or T 96 406 115 54 
hours partially 70 49 
iy confirmed......... Others 12 28 7 3 
\ 5 3 
Surf R 9 | 27 23 16 
G. E. Willcomb, Al- 13 14 
Surf T 23 69 46 
4 0 
without cost to the Associates, by the Digestive Ferments Company, __ 
these various laboratories submitted records of study of 14000 tubes _ 
planted, with confirmation tests on over 4000 presumptives. These _ 
results are detailed in table 2. : 
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Although some variation in the effectiveness of the bile medium is 
revealed by these figures, a lack of sensitivity as compared with the 
standard lactose broth being noticed with some waters, the medium 
apparently eliminates practically all spore-forming lactose fermen- 
ters, and seems to be well adapted for use with some waters. Im- 
provement in composition or variation in procedure may render the 
medium more generally adaptable, but from the data here presented 
there appears to be a certain field of usefulness for this medium which 
well warrants consideration. 


Preparation of medium 


oa medium included oxgall and brilliant green, the purpose of both these 


ingredients being to inhibit growth of spore-forming lactose fermenters, thus A 
eliminating spurious presumptives to an extent which, according to the origi- 


nators, would render presence of 10 per cent gas in seventy-two hours in the 
medium equivalent to a completely confirmed test of Standard Methods. 


Distilled water 
a Oxgall (dried) 
Peptone 

Lactose 


Heat 1 liter of distilled water in double boiler until water in outer vessel 
boils. 
Add oxgall and peptone, stirring until all ingredients are dissolved. 
Continue boiling for one hour. 32 
Remove from flame and add lactose. 
Filter through cotton flannel until clear. 
To each liter of filtrate add 10 cc. of a 1 per cent solution of brilliant green. 
‘Tube and sterilize in autoclave for fifteen minutes at 15 pounds pressure. 
It is well to keep double boiler covered during heating to prevent undue 
evaporation. 


III, BRILLIANT GREEN AS A CONFIRMATORY MEDIUM 
ve 


BY H. E. JORDAN? 


The 1923 Series tabulated by gave rom 
1653 original plantings in lactose broth 61 per cent presumptives and _ 
26 per cent complete B. coli, compared with 22 per cent presumptives 
and 20 per cent complete B. coli with brilliant green lactose bile. 
Forty-two per cent of the lactose broth presumptives completed as 


Sanitary Engineer, Indianapolis Water Co., Indianapolis, Ind. 
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—— with 95 per cent completed in the bile, but the total bile = 
completions were only 77 per cent of the lactose broth total. te 

The 1924 series gave a lactose broth complete-brilliant green bile _ 
complete ratio of 100:91. 

The original work on lactose bile was criticized because the medium 
appeared to inhibit some forms of the colon group. Its proponents 
suggested that such forms were attenuated and had no significance in _ 
water examination. It may be suggested, on the other hand, that 
standard lactose broth does not give 100 per cent picture of coli — 
density as some forms are too weak to ferment even that medium. 

For the purposes of this investigation it appeared necessary to _ 
submit a method that would give a density picture as near the stand- | 
ard procedure as could reasonably be attained, and at the same time 
clear up the confusion now existing on account of the wide divergence 
between original fermentations and complete colon group figures. ie 

The fundamental concept should be the need of finding every = 
organism of this group that has any vestige of metabolic ability left — 
at the moment of sampling, to reduce to a minimum the number of __ 
false indications, to reduce the amount of materials now wasted in 
standard procedure and to shorten, if possible, the interval between ; 
sampling and reasonable confirmation of the nature of the organism 
studied. Several of the steps in standard procedure seem to be more 
traditional than effective determinants. Many cultures are handled _ 
that seem to be eliminated easily by inhibitive media, andit appears 
that even when the regular completed test is done it is uncertain — 
whether symbiotic complexes or specific organisms have been found. 
With these facts in mind it was decided in April, 1924, to plant samples 
in an experimental series in standard lactose broth, and upon finding 
any amount of gas formation, carry on a parallel subcultural series. 
On the one hand all cultures should be looped into brilliant green or 
gentian violet lactose bile, and if fermentation occurred here, carry on 
the regular test for confirmation. 

On the other hand, each original lactose broth tube in which 
fermentation occurred should be carried to confirmation according to 
Standard Methods. 

The only difference, then, in the two series, was the interpolation in 
one of a brilliant green or gentian violet bile planting between original 
fermentation and endo plate. 

Gentian violet was studied at the direction of the chairman of the 
Committee. A 1/20000 density was used as by Hall (6), except it 
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was added to lactose bile instead of lactose broth. Change in dye 
used was at month intervals. Seventeen hundred and ninety-three 
original fermented lactose broths were planted in the green bile and 
713 in the violet bile. No material difference was noted. 

The expected value of this is based upon a study of three years 
analysis of the subcultural characteristics of colon group as found at 
Indianapolis. In the raw water 99.3 per cent of the original fermen- 
tations in lactose broth grew on endo, and 81 per cent are completed 
colon group organisms. 

In the filter plant effluent after chlorination, only 21.8 per cent of 
the original fermented tubes are successfully subcultured to any 
growth on endo plate and only 3.5 per cent of the original fermenting 


= 
5 5 | 5 
Filtered water. . 774 663 | 270 | 293 | 292 | 271 
Filtered water 760 64 9 8 8 8 
972 660 | 260 | 293 | 291 | 257 
a 2,506 | 1,387 | 5389 | 594 | 590 | 536 


F It must not only be obvious that such a wide divergence between 
original fermentations and complete colon group organisms is dis- 
concerting to laboratory operators, but the use of so many endo 
plates that give no growth is wasteful of energy, time, and materials. 

The parallel series was carried on through January, 1925. Eighty- 
five hundred and eighty-nine tubes were planted from filtered water 
before and after chlorination and tap water. The quantity planted 
was large enough to get frequently fermented lactose broth tubes. 
Raw and settled water were not studied. 

The performance of the various groups is shown in table 3. 

Of the total original fermentations 55.5 per cent grew on endo, and 
21.5 per cent completed. In the substitute procedure, only 23.7 
per cent fermented the dye-containing lactose om, 22. 5 per cent 
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grew on endo and 21.4 per cent confirmed. Ninety-nine per cent of pee 


the organisms growing on dye-containing lactose bile grew on endo — 
and 90 per cent were complete colon group organisms. Bink 

Four cultures fermenting the dye-containing broth failed to grow __ 
onendo. This is probably due to technical error. 

The difference in the total number completed is so small as to be 
within the limit of error in manipulation. Either 1/10000 brilliant — y 
green, or 1/20000 gentian violet lactose bile does not seem to inhibit 
colon group organisms that have first had the opportunity toset up 
metabolic activity in Standard Broth. It is evident, on the con- 
trary, that,in the density used, some organisms ferment the brothand 
grow on Endo plate that do not go to completion. This occurred in © | 
the case of 44 cultures that did not grow in secondary lactose broth 
tube after growing on endo. Not a single spore forming culture 
passed the restraining broth. 

From the standpoint of labor involved, the use of the dye media 
eliminated 76 per cent of the endo-plate plantings. It is matter of — 
opinion whether one prefers to use a Petri dish containing solid media 
to a tube containing liquid for this step in the diagnosis. ee 


‘Concerning the parallel original planting series anne 
McCrady the following general deductions can be made. 
1. Lactose broth gives more presumptive tests than green bile. 
2. Green bile presumptives give a higher percentage of complete — 
tests than lactose broth. Therefore its significance in the earlier — 
stages of the diagnosis is greater. 


will be higher when using lactose broth as an original planting medium 
than when using green bile. es 

4. Green bile appears to extend its selective inhibition to the 
attenuated forms of the colon group. (Note the ratio of completion — ar 
in raw surface waters and chlorinated filtered waters.) 

Concerning the studies on variation of standard methods by inter- 
polation of green or violet bile following growth in lactose broth, 
the following deductions can be made. 

1. Its use eliminates the large number of endo plates on which no > 


. Spore forming organisms are eliminated. 
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3. The per cent of completed brilliant green cultures to lactose 
broth cultures is 99.5—errors in manipulation could account for this. 

It can be concluded that with the water studied, brilliant green 
bile does not inhibit any organisms of the colon group when used in 
this fashion. 

4. The concentrations of brilliant green (1/10000) and bile (5 per 
cent) used do not seem to be such as to be absolutely specific for colon 
group organisms. Ten per cent of the cultures growing on endo did 
not complete. Time is actually saved in the complete test, however, 
because it is not necessary to grow a special culture for spores. 

It is proposed to carry on the coéperative study during 1925 and 
1926. This will be ample to include any modifications that may be 
developed in the following edition of Standard Methods. 

1. The first problem to be attacked is a modification of the bile- 
dye combination in an effort to make growth on it more specific than 
it now is. ‘This would seem possible by a slight reduction of the bile 
density—reducing its protective effect, or by increasing the dye 
density—increasing the inhibitive effect. 

It may, however, develop that the specificity of the medium is all 
that can be expected. This study is to be directed by Mr. Dunham. 

2. The second problem is a further study of the hydrogen ion 
concentration of the medium. The researches of Stearn and Stearn, _ 
as well as Winslow and Dolloff, indicate that this may be a fruitful 
field. This study will be directed by Mr. Dunham. i 

3. The third problem is a more complete verification of the results 
of bile-dye interpolation that was studied at Indianapolis, in 1924. © 
While the large number of tests carried on there indicate its usefulness 
on water in that district, the method must be confirmed by a number 
of other observers, before it can be proposed as a step in Standard 

Methods. This study will be directed by Mr. Jordan. 


A condensed summary of the previous investigations 


(Numbers refer to reference appended) 


(1) It is evident that the bile salts, and especially their acids, exert a strong 
restraining action over the common bacteria which grow at blood heat, and 
that except for Glycin (which mildly restrains much as a sugar retards bac- _ 
terial action), the actual bactericidal action lies in the cholic acid radical of — 
these salts. 

It is evident, therefore, that either of the bile salts, or a mixture may be 
employed. In fact, a plain bile as a liquid restraining medium may be used. 
The restraining action is selective. It favors the increase of B. coli, retards 
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species which grow at 37°C. u 

(2) Rejuvenation in suitable media followed by transplanting to lactose bile 
will sometimes prove the presence of B. coli, usually attenuated, not shown by — 
the lactose bile in direct tests. 

Gas formation in lactose bile after transplanting from the plain broth or 
dextrose broth is not always certain, even when B. coli is present, on account of 
interfering growths in the original medium. a 

(3) The determination of gas-forming bacteria in water by means of lactose 
bile gives results which represent the relative degree of contamination of dan- — 
gerous or recent origin. While of especial value in judging the degrees “a ; 
pollution present, it does not show the presence of gas-formers other than the _ 
colon group and does not often indicate B. coli in an attenuated state. ; 

Any difference in the results obtained in lactose bile compared with those — 
found by transplanting within twelve hours from the liver broth into a second © 
set of lactose bile tubes gives a fairly accurate idea of the amount of atten- — 
uated B. coli present. Negative results in both sets of bile tubes and positive 
results in the liver broth usually show that the gas-producing bacteria present 
are not of the colon group. 

(4) Lactose bile containing 5 per cent dried oxgall is preferable to 10 per 
cent media. 

The formation of gas is more rapid and greater in amount. Positive tests 
appear in higher dilutions. Attenuated B. coli is more readily shown. 

Interference by other bacteria is less evident, especially by streptococci. 

The 5 per cent bile makes a clearer media without interference from sedi- 
ment. In sterilization, foaming is less apt to occur, and cotton plugs are not 
forced out from the tubes. : 

(5) Ritter reported a series of samples subjected to a parallel planting in _ 
lactose broth and lactose bile, and found that: when, in one of the two, fer-— 
mentation with gas is negative, B. coli is generally absent; when both are = 
positive 75 per cent of the tests confirm; when both are positive in twenty-four _ 
hours 98 per cent confirm. r 

A number of investigators have studied the effect of dyes in culture media _ 
on various organisms. Churchman, Kligler, Krumreide, Pratt, and others have 
laid down a foundation that may be summarized as follows: 

(6) The triphenylmethane dyes are toxic to bacteria. Their reaction is 
partially specific. In general they restrain the growth of Gram-positive bac- _ 
teria and have no effect upon the Gram-negative group. The different dyes 
in the series possess a similar differential action. The action appears at differ- 
ent dilutions according to the dye employed. 

At appropriate dilutions, no one dye is preceptibly more differential than 
another. 

Composition and reaction of the medium exerts a marked influence on anti- 
septic properties. The higher the concentration of nitrogenous compounds, 
the lower the effective concentration of the dye, probably on account of altera- 
tion of the bacterial cell. 

It has not been possible to combine indicator function with bacteriostatic 
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(7) The concentration of certain dyes having an inhibitive effect has been 
found to be far less in lactose broth than in lactose bile. It has been shown 
that brilliant green and gentian violet can be used in lactose bile in concentra- 
tions of 1:1000 without inhibiting B. coli, while in lactose broth the density 
must be diminished to 1:50,000 in the case of gentian violet—and 1:1,000,000 
in the case of brilliant green. 

(These variations in inhibitive density when combined with bile would 
suggest that composition and concentration of bile is a very material factor 
in the combination and one deserving further study. ) 

(8) Fermentation of sugar broth may be produced by two organisms grow- 
ing in symbiosis, neither of which acting alone can produce gas. A progressive 
action seems to be clearly indicated in these cases. The degradation of the 
sugar is begun by an acid former, and in the course of this decomposition, 
substances are formed which are utilizable by the gas former and gas produc- 
tion results. The gas former in this pair—it is understood—is incapable of gas 
production when grown alone. 

Later studies showed these combinations to consist of at least one organism 
capable of acid production in lactose and one organism, which may ferment 
dextrose with gas production, but produces no gas in lactose when alone. 

The acid forming organisms were, for the most part, Gram-positive, non- 
motile, non-sporing, chiefly steptococci, growing readily on the usual labor- 
atory media. The gas forming organisms were all bacilli, growing fairly well 
on ordinary media, mostly Gram-negative. Of all Gram-positive bacilli 
found, only about 10 per cent had any effect upon the gas production of the 
complex. Organisms belonging to the types shown occur widely distributed in 
nature and in locations from which they may readily enter a water supply. 

(9) There are gradations of dye sensitiveness, from very striking cases 
among strongly Gram-positive organisms to other species which are very 
resistant to the action of dyes. These latter are almost always Gram-negative 
organisms. 

The most plausible inference would be to assume the existence of corre- 
sponding acid groups in the structure of the organisms with which basic groups 
would tend to unite. 

The amino-acid composition of proteins (bacterial or other) and allied 
amphoteric substances furnish just such acid groups. The dye molecule 
combined with the bacterial protein is only very difficultly destroyed so that 
the organism finds itself unable to liberate that portion of the dye which it 
might utilize in its own metabolism, and by this liberation free again the 
“receptor’’ or point of attack for basic nitrogenous nutrient material. This 
results in a sort of starvation or inhibition of the organism. 


(ly Ja ACKSON: Biological Studies by the pupils of W. T. Sedgwick, 1906. o% 
(2) Hate anp Meta: Jour. Inf. Dis., vol. 7, p. 587. 
(3) Jackson AnD Musgr: Jour. Inf. Dis., vol. 8, p. 289. 
(4) Murr anp Harris: Amer. Jour. Pub. Health, vol. 10, p. 874. 
(5) Rirrer: Jour. Bact., vol. 4, p. 609. 
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(6) Kureter: Jour. Exper. Med., vol. 27, p. 463. 
_ KRUMWEIDE AND Pratt: Jour. Exper. Med., vol. 19, p. 501. 
Pe _ CHURCHMANN: Jour. Exper. Med., vol. 16, p. 221; vol. 33, p. 579. 
Hawi anp Jour. Bact., vol. 3, p. 329. 

WInsLow AND Do.torr: Jour. Inf. Dis., vol. 31, p. 302. 
(8) Spars AND Putnam: Jour. Inf. Dis., vol. 32, p. 270. wr 
Lerrcn: Jour. Amer. Water Works Ausoe., vol. 13, p. 186. 

(9) STEARN AND STEARN: Jour. Bact., vol. 8, p. 567. 
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20 FEET OF EARTH! 
By Wm. W. Brusn? 


ie a _— of ~~ Croton system, the City of New York has eight 
48-inch cast iron mains running south from what is known as the 
135th Street gatehouse, located at the corner of Convent Avenue, 
Manhattan (figure 1). Where the mains leave the gatehouse there is 
more than 20 feet of earth and rock fill over the top of the 48-inch 
pipe lines, and there have been several cracked pipes under this heavy 
fill since the mains were laid nearly forty years ago. The cracks 
have been caused by the external loads, as the head of water is only 
about 30 feet where the mains leave the gatehouse. The pipes are 
the usual bell and spigot type, and have a thickness of 1} inches, 
or equivalent to about Class B American Water Works Association 
standard. Previous to 1925 it has been customary to excavate from 
the surface and remove any broken pipe. The last repair of this 
character was accomplished in 1923 at a cost of about $8000. The 
high cost of repair is due to the character and depth of the excavated 
material and location of work. A cracked pipe was repaired this 
year by electric welding in place at a cost of about ten per cent of the 
cost of removal and replacement of the broken pipe. It is believed 
this repair job is the first one of its kind ever undertaken on a cast 
iron main and i is therefore of unusual interest. 


/ BREAK IN MAIN 


On February 28, 1925, a large leak showed in cellars south of the 
135th Street gatehouse, and by shutting down successively the 48- 
inch mains it was found to be on the next to the most westerly of the 
eight 48-inch mains. On March 5 the manhole cover on this line, 


' Presented before the New York Section meeting, September 26, 1925. 
* Deputy Chief Engineer, Department of Water Supply, Gas & Electricity, 


tork, N.Y. 
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located in the gatehouse, was removed, and an examination of the 
inside of the pipe showed that the pipe was split along the bottom, 
extending from the bell end for a distance of 5} feet, the broken end 
being 77 feet south of the manhole. A substantial flow of ground 
water was entering the pipe through the crack. This ground water 
is probably largely leakage from the gatehouse, and twelve mains 
that leave the gatehouse. Four of these mains run west and then 
south and are old croton aqueduct mains. 


Fic. 1. E1rautr 48-1ncu Cast Iron Matns Latp in CONVENT AVENUE IN 
Axsout 1888 


ADOPTED METHOD OF REPAIR 


Consideration had been given in 1923 to the repair by welding of 
the main that had cracked that year, but the crack was on the top, 
and no welding of this kind of an overhead crack had been previously 
done. When it was found the new crack was on the bottom the 
question of welding the pipe in place was taken up. It was believed 
that electric welding was the only type that probably would not 
generate enough heat to melt the lead out of the joint, and the 

Electric Welding Company of America, foot of Court Street, Brook- 
lyn, through its chief engineer, Mr. William Schenstrom, advised 
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that the repair by welding was considered practicable, and that his 
company would agree to make the repair for $880 and guarantee a 
successful job, no payment to be made if the crack was not satis- 
factorily closed. After considerable discussion and investigation 
of difficult welding work successfully executed by this company, 
an order for the work was issued under date of April 24. The main 
was not urgently needed and there was no necessity to save time on 
this job. 


PRELIMINARY WORK 
The ground water stood at about the center of the main, and 
before welding could be undertaken the water level had to be lowered 
below the bottom of the pipe to prevent inflow and remove the cold 
water from contact with the iron to be welded. Two 2-inch holes 
were tapped in the bottom of the broken length of pipe and short 
suction lengths of 13-inch pipe placed in these holes, and carried about 
2 feet below the bottom of the pipe. These short lengths were con- 
nected to 2-inch pipe which was laid on the bottom of the 48-inch 
pipe to the manhole, and connected to a centrifugal pump driven by 
an electric motor. After about sixteen hours pumping the amount 
of water that was to be removed was less than that which would feed 
the pump, running continuously, and it was found necessary to sub- 
stitute a diaphragm pump, as the centrifugal pump would lose its 
charge and would not then automatically pick it up again. The 
seepage, which may have been largely leakage from other mains, 
represented about 20 gallons per minute. The diaphragm pump 
was operated continuously throughout the time that the welding _ 
work was in operation. 1 


WELDING WORK TO REPAIR THE CRACK 
on 


At the end of the crack a {-inch hole was bored through the pipe 
to prevent the crack continuing further along the pipe. Then a 
“V” shaped groove was cut in the pipe following the line of the crack. 
This groove was two inches wide at the top, and came to a point 
at the outside of the pipe. Manganese bronze was welded into this 
“V” cut and brought up to the level of the inside of the pipe. This 
welding would not give sufficient strength, as the welding metal does 
not adhere to the cast iron as strongly as to steel. It was therefore 
necessary to place a reinforcing steel plate on the bottom over the 


crack. This plate is } inches thick, and was machined to the curve 
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WELDING CAST IRON PIPE UNDER GROUND 
of the pipe. In the plate and near the edges there are fourteen __ 
l-inch holes through which the plate was welded to steel stud bolts | 
tapped into the pipe. Three-eighths-inch stud bolts were placed in 
the pipe along the edges of the plate and cut off about flush with the 
pipe. The plate was then welded along its edges to these bolts, and a 
the cast iron between the stud bolts. These features are shown in 
figure 2. The photograph in figure 3 shows this work as completed. 
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DETAIL OF STEEL WEDGE IN JOINT 
Scale: 


DETAIL OF CIRCULAR STEEL WEDGE 


<= ale 
: “td PLAN OF CRACKED 48" MAIN REPAIRED BY WELDING 
AT 135™ STREET GATE HOUSE 


Fig. 2. DetTaILeD PLAN oF REPAIRING CRACK IN 48-INCH MAIN 


MAKING THE JOINT WATERTIGHT 


As the bell was cracked, as the lead might have moved in the joint, 
and as the welding might melt the lead, it was necessary to make the _ 
joint tight from the inside. At the top of the pipe the joint was — 
opened up about 1? inches, and at the bottom about } inch. The 
upper part of the joint was too wide to be satisfactorily caulked with 
lead wool. A circular steel wedge or dutchman was made, 1{ inches _ 
wide at its widest part, and tapered down to } inch at the two ends. _ 
This wedge extended about three-quarters of the distance around the — : 
pipe joint. The bottom of the joint, including a couple of inches of 
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the ends of the steel wedge, was covered by a § inch steel plate 7 


~ inches wide, which was welded to the pipe by use of stud bolts in 


| 


Fig. 3. INTERIOR View PIPE, SHow1ING Borrom WELD 


of the weld lead wool was used to caulk each side of the wedge to 
make a watertight joint. Figure 4 shows the lower part of the joint, 
and figure 5 the upper part of the joint. 
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TIME OF COMPLETION AND RESULTS 


The work was completed on June 9, and required one hundred and 


one man days of skilled labor. 


Fic. 


4. WELD oF JOINT SHOWN IN THE FOREGROUND 


On June 10 the water was again 


turned on, and the main continued in service until June 17, when it 
was shut down and the interior examined. There was no evidence — 
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excellent condition. Since then the main has been used continuously. 


Fic. 5. View or Upper AND LOWER P T AS REPAIRED 


Consideration was given to the advisability of grouting under the 
pipe through the two holes used for pumping the water, but it was 
decided not to use grout, as it would be impossible to tell what kind 
of a foundation would be formed by the grout. ae 
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_ spent several thousand dollars on excavation, we thought we had 


and for yours whether he thinks a similar crack on the top of the 
pipe could be as successfully repaired. 


WELDING CAST IRON PIPE UNDER GROUND 

Mr. Schenstrom, the chief engineer of the welding company, is 
entitled to a great deal of credit for devising the plan of welding, and 
successfully carrying it through under very difficuit working condi- 
tions, and credit is also specially due to Mr. John F. Mead, superin- 
tendent in charge of repairs to the distribution system, Manhattan, 
who was in charge of this work, and very satisfactorily aided in 
planning and executing it. 


Ww mM. A. McCarrrey:’ I should like to ask Mr. Brush how they 
got on the inside of that pipe. 


W. W. Brusu? There is a manhole in the gatehouse. The man- 
hole was of the usual size and I know it was a tight fit for me to get 
through. Our Superintendent who worked with Mr. Schenstrom 
on this job, weighs 260 pounds or thereabouts and he could not get 
through the manhole. In this case we had no expense to get at 
the pipe, and the expense other than the actual welding was very 
largely in the pumping part of the job. Mr. Schenstrom in estimat- 
ing on the cost of the job did not know the amount of water that 
was outside and could not tell what the job was going to cost, but 
he made his estimate and stayed with the job, even though the 
difficulties were very much greater atk: ere anticipated | on account 


G. C. ANprEws:* You said your previous break was at the top of 
the pipe. Did you consider that you could weld that? 


W. W. Brusu? Yes, but the greater part of the cost of repairing 
the previous pipe was making the excavation and we felt that as 
nobody had successfully welded cast iron pipe in place, under those 
particular conditions, it was not advisable to weld it. When we had 


better take out the broken pipe and put in a new length. 
I should like to ask Mr. Schenstrom to state for my information 


’ Superintendent, Water Works, Oswego, N. Y. 
4 Water Commissioner, Buffalo, N. Y. 
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DISCUSSION 


WituiAM Scuenstrom:® Working directly overhead would be 
; rather difficult. If it were anywhere but directly overhead, it could 
a be done. It would be rather difficult with cast iron to ‘get a perfect 
weld overhead. 
W. W. Brusu:? Would you, Mr. Schenstrom, under conditions 
such as we have in those pipe lines, attempt the job of welding if the 
—erack were directly overhead, by working from the inside? 


WILLIAM ScHenstroM:® Yes, I would attempt the job from the 
_ inside and would then rely on the plates more than on the weld 
itself in the cast iron to make the job strong enough. I would use 
some copper alloy in the crack to make it tight and then use plates 
to give it strength. 


W. W. Brusu:? I should like to ask, Mr. Schenstrom, whether he 


7 has any idea of what percentage of the strength of the cast iron 
a: iron section would be made available through the initial weld of the 
crack, leaving out the plate in this particular job at the bottom, that 
a is, have you any idea from experience in other work, what would be 
; the percentage of strength that we would have there from just the 
weld without the plate over it. 
: W. W. Scuenstrom: In years gone by we used to do cast iron 
; _ welding without any plates at all and we have a number of jobs over 
: a period of years that we can look back on and the welds must have 
- a. produced at least 80 to 85 per cent strength to do the work that they 
have done over a period of years. 
«B.C. Mr. Chairman, we have experimented with welding 
Jeaks in water mains in perhaps two or three different respects from 
an. _ the case Mr. Brush has there. 
ae We have welded pipe while still in position with the water in. It 
Z has been steel pipe, and we have done it from the outside and been 
a -_-very successful. We merely put a plate over the hole and put a 


a wooden plug into the hole where it has been leaking, which stops the 
- - ak temporarily. Then we put a steel patch on top of that and weld 


5 Chief Engineer, Electric Welding Company of America, Brooklyn, N. Y. 
® Superintendent, Water Works, Rochester, N. Y., Secretary, American 
Water Works Association. | 
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right amd it. I am wondering why, with that steel plate you put 
in the bottom of your cast iron pipe and welded it all around, it was 
necessary to use stud bolts. If that was not strong enough, I do not 
see what was the idea of getting additional strength. You said there 
was only about 30 feet head to overcome. What was the strength = ne 
there beyond the weld of the steel plate to the cast iron? fu 

W. W. Brus? I will ask Mr. Schenstrom to explain why he put a 
the plate in. We gave them the job to make it tight and we did not 
design the welding because he had had a great deal of experience and 
we had not. I understood from him that the stud bolts were put in 
because he felt it was a surer job as to the adhesion of thewelding ma- _ 
terial to the stud bolts as compared with the castiron. Yousee we — 
had there, assuming that the weld in the crack itself was not goingto __ 
take up the stress, the welding material at the edge of the plate. To 
will ask Mr. Schenstrom to say why he used the stud bolts. boc et 

WILLIAM ScHENSTROM:® We used the stud bolts for the reason that 
we run up against so many different kinds of cast iron. Cast iron — 
runs unevenly and where the quality of the cast iron is poor, the _ 
weld is poor. Where there is a lot of sand and slag we get a very — 
poor weld and if one strikes a few of those bad spots, it weakens ued 
total strength of the welded area, so we use these stud bolts as insur- = 
ance to raise the average, as we figure at the points where these a a 


that area of say 45,000 sounds, so it is more as an insurance el 
anything else. 


he water, but any external strain that might be put on it at that 7 a 


W. W. BrusH:? The 45,000 pounds you speak of refers to the She 
tensile strength of the welding material per square inch, I presume. F 


Wiuui1aM ScuenstroM:® The joint between the studs and the 
_ welding ante for an area of ? inch in diameter. 
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was that this pipe was forty years old and another was that 

_ there had been some pressure from the outside that had forced the , a 
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DISCUSSION 


Wo. A. Did you make an as to what 
caused the crack itself besides the settlement? 


W. W. Brusu:? We did not make any examination of that length 
of pipe. We have had a number of breaks in those pipe lines. You 
see those pipe lines, as I say, are under some twenty or more feet of 
fill. Under such conditions your pipe is probably pretty close, or is 
beyond the safe load, when you consider safe load on the basis of 
retaining the factor of safety that you figure in cast iron pipe of 
approximately five or six. 

Our experience with those pipe breaks had indicated that in each 
case they have been due to an external condition and not to any 
defective material. The pipe is of excellent cast iron based upon 
earlier breaks, but the fill is a combination of rock and earth and the 
pipe has leaked due to some settlement and a further settlement 
has occurred and the pipe has come down on points of rock which 
has concentrated the load on that point and resulted in a stress 
in the metal above the strength of the metal. 

We talk about our factor of safety in our pipes. The factor of 
safety, as I said, is five or six, after making allowance for water 
hammer and for the pressure to which the pipe is normally subjected. 
Then we lay the pipe and we lay it in a rock trench and, putting the 
pipe on a couple of wooden supports for each length, we hope and 
endeavor through our inspectors to get enough earth underneath so 
the pipe will not come in contact with any rock. Or, we put it in 
rock filled trenches and again support it on wooden timbers and 
again we hope it is going to stay where we put it and not come down 
so that it will be resting on a point instead of bearing generally on 
the material below it. Then we say there is a pipe that has a factor 
of safety of six, with an allowance for water hammer of perhaps twice 
the normal pressure. If the pipe breaks, our computations are all 
right, but our methods of laying are entirely inadequate for the safety 
of the structure. The supporting power of our material is not equal 
to what is necessary to maintain that pipe in the place in which we 
put it. Where such supporting power is sufficient, there may be 
_ other excavations made in the vicinity at a lower level so that some 
of the material is carried down to the lower level and the pipe 
settles with it and comes in contact with an unyielding point or 
deflects at the joints and there we have a condition where the fac- 
tor of safety is depended upon to make up for the stress that results 
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in the ~— of the pipe. It is no wonder that our cast i iron pipes 
give way under those conditions. In the larger cities the conditions _ 
are much more severe than in the smaller communities, because a 
have a multitude of sub-surface structures and therefore we natu- 
rally have many more breaks than the smaller communities. Le 

New York has had a number of breaks this year that have had B..”: 

great deal of news value. When you stop several thousand people 
from going through a subway when they normally travel that way, 
that means important news, not from the standpoint of the si : 
department, but from the standpoint of the public generally. Again, = 
you have a break that makes you tear up Fifth Avenue at its busiest 
point and put the street out of use for several weeks. Thathasnews _ 
value. So, while our Manhattan breaks have had more news value, _ 
they have not been greater this year than in previous years. In 
New York City the mains are not breaking any more frequently this 
year than in previous years. We have several hundred breaks a 
year. Our large pipe breaks run twenty or less. But taking all 
sizes, we have several hundred and it is a very important problem, a 
first, as to what should be the practice in supporting pipes when ey 
are first laid, and, second, what material should be used to minimize 
the danger of breakage and the damage and inconvenience caused to 
a community by the breakage in the mains. 


J. WALTER ACKERMAN:’ The problem Mr. Brush has related to us 
reminds me of some experience I have had in the past with an old 
24-inch line that was the sole supply of the town. Originally the line ~ 
was laid as a siphon line. I have heard the statement made that at 
the time it was built it was the longest siphon line at that time in 
operation. It was laid on the contour of the ground which covered _ 
anywhere from 2 to 3 feet. It was 24 inches and thinner than any 
pipe that I have ever seen. Of course, being a siphon line, it would 
only deliver a small amount of water and, as time went on, the town : 3 
had to have more water and they put pressure on the other end - 
it and turned it into a force main. 


After the pipe became about thirty-five or forty years old, Bs 
began to break by longitudinal cracks sometimes, and once or twice 
_it broke right square off right around. Butif that pipe stopped, i 
whole city supply stopped, so means had to be at han ba staal =a 


going. 
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Finally, : as a last resort, I designed split sleeves. They were rather 
cumbersome things, but they answered the purpose. Whenever we 
discovered a spring in some farmer’s field, we dug it out and got a 
pump to take it out as well as we could, and we slipped these sleeves 
around it and put the stuffing box rings in with packing and screwed 
them up tight and turned off the valves and the job was done in a 
short time. That was a case where I do not think welding could have 
been utilized, because everybody had to wear a bathing suit or a 
rubber coat. 

Mr. Brush mentioned one thing in reference to a centrifugal pump, 
that when it lost its suction you would have to wait to prime it. I 
wonder whether you are all familiar with a little instrument (I 
can not remember the name of it, but I have one and have used it 
for that same purpose) which is an air exhauster. I use it where a 
foot valve cannot be handily used. You simply have a small electric 
motor attached and a barrel of water and you start this thing going. 
It exhausts the air and you will not have any trouble with losing your 
suction. The minute water closes the end of your suction pipe you 
start this thing in operation. 

nie 
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HP. BouMANN: If it is in order, I would like to bring neittes 
before this Convention at this time relative to the improvement of 
pumping station grounds, although the subject may have been up for 
discussion this morning. The City of Milwaukee has just completed 
a new pumping station building, the cost of which, including grounds 
and equipment in the station, amounts to two and a quarter million 
dollars in round figures. About one-third of the ground is occupied 
by the pumping station and the remainder as yet unimproved, 
although the department had contemplated beautifying the balance 
of the site. We have a few hard-headed citizens in Milwaukee who 
seem to think that the grounds ought to be utilized for the erection 
of a trade school, thereby saving the expense of buying another piece 
of ground. I have been opposed to this scheme because I do not 
think that a trade school should be located immediately in front of a 
pumping station and in close proximity to it. These grounds ought 
to make a nice setting for the pumping station building and should be 
converted into a park. I have opposed locating a school building on 
the pumping station grounds. Furthermore, the trade school will 
have boys ranging from fourteen to eighteen years of age and I am 
afraid they will over-run our property and the station. We have 
had considerable trouble with school children going through the 
station. From an inventory made the first of the year we can 
account for only 75 per cent of our small tools. The school children 
have removed the mirrors off the wall in the toilet room, have carried 
away the toilet fixtures and everything they can lay their hands on. 
I am afraid that if we have a trade school on the same grounds with 
the pumping station the boys will have a nice kit of tools when they 
graduate and therefore wish to know whether the members of this 
Association favor a school building on a pumping station grounds. 
I would like to bring out the sentiment of this division on the question 
asked. 
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DISCUSSION 
_ W.S. Cramer: I would ask for a show of hands as to those who 
favor beautifying the grounds. That would be the easiest way to 
- get at it. Mr. Bohmann simply wants an expression from this 
assembly that he may take back with him. Please give us a show of 
_ hands, those who would favor beautifying the grounds rather than 
- using them for school purposes. Mr. Bohmann, I think you have our 
unanimous approval. 


S. H. Taytor: In New Bedford we had a pumping station which 
occupied a whole city block. When built it was in an outlying part 
of the city. As the city grew around it and space became more 
_ valuable, other departments began to encroach upon it. First, a 
- fire station took a corner, then a schoolhouse took a large slice and 
finally a playground another part. Now we have left only the land 
covered by the building and the controlling valves. Because of the 
children from the school and playground, it is next to impossible to 
__ keep the place in good condition, in spite of a 6 foot wire fence built 
around what we have left. 

_ I say, by all means beautify the grounds and keep off all encroach- 
- ments, especially schools which bring so many children who interfere 
with the in order. 


Bice: | 
| 


VALVES ON FIRE HYDRANTS! 


H. P. Boumann: I would like to find out sia practice i in other dim 
regarding the installation of independent valves on hydrant pipe? 
Several years ago we started to place independent valves on all 
hydrant pipes of newly laid mains regardless of whether the hydrant 
was in a residence or business section of the city. Unfortunately, in 
our high value district which is the older and main business section 
of the city no valves were placed on hydrant pipes. It would be 
quite expensive to place valves at the present time in view of the 
permanent pavements, interruption of service, etc., although that is 
where they really belong. I would like to find out what the practice 
is in other cities, whether valves are placed on all sizes of mains and 
in all districts or only in certain sections of the city or on hydrant 
pipes only in connection with water mains larger than 6 inches in 
diameter. 


J. F. Curisty: We practice that in every place, placing a valve on 
every hydrant, no matter where the hydrant goes. We found, as no 
doubt many others have who have had similar experience with 
hydrants, that we had to buy runways, tracks, etc., and we adopted 
that system several years ago and are not only placing it on the new 
hydrants, but, as we are making repairs on the hydrants that are 
without the valves, we are putting valves on the old hydrants. We 
also hope to have, in a few years time, all our hydrants in the city of 
Jonesboro, with independent valves. It is a little expensive, in a 
way, but I think it is money well spent. The time might come when, 
in the case of a bad fire, or something, there is no telling what might 
happen and it could, in many respects, give rise to the urgent need 
for those hydrant valves. When they would need them it might be 


at some time when it might mean a great deal, and I think it is money ae 


well spent in every respect. 


1Presented before the Fire Protection Division, Loulevilie Convention, 
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out so far in the discussion is that the presence of the valve in front 


Dew Davenport, Iowa, started that practice years 
ago. I did not know enough to do it in my earlier days in the water 
works business, but later on, every 12 inch main we laid with hy- 
drants, we put a separate valve on, and as time went on, we got 
more experience, and then we put a separate valve on every hydrant 
that we put in; when there were any changes on the old hydrant 
branch, we put a valve on. We found it was mighty good practice. 
It is better to shut off one hydrant than three or four and if you shut 
off a whole district, you are liable to have a fire alarm come along in 
that district and have some trouble with the Fire Department. If I 
were going to build another water works plant to-day, I would provide 
a valve on every fire hydrant, regardless of the size of the pipe. I 
understand that Indianapolis has gone into the practice of putting 
valves on all hydrants wherever they have an opportunity. 


KE. E. Norman: We have made a practice in Kalamazoo of putting 
a valve on every hydrant, regardless of the size of the main. We 
feel that it is money well spent. 


Mr. AuBerT: In Knoxville there are many fire hydrants which 
have no valvesonthem. We find, as one of the other gentlemen said, 
that in making repairs it is advisable to install valves on these fire 
hydrants. Whether Knoxville has more reckless driving than any 
other city or not, I do not know, but we have experienced of late 
the destruction of a number of fire hydrants due to their being 
run into by trucks and other motor vehicles. In many cases we 
have had to cut off as many as eight blocks to stop the flow of 
water. We have a number of old hydrants which have to be replaced 
and in making the replacements we invariably put valves on the 
front of the fire hydrants. The point which has not been brought 


of the fire hydrant, whether new or old, enables repairs of the fire 
_ hydrant to be made at less cost; because you do not have to cut your 
_ improved pavement. All of our improvement district work requires 
_ that the lead to the fire hydrant must have a valve on it, so that in 
_ making any repairs or replacements, the improvement district pave- a 
- ment will not be cut thereafter. 


H. P. Boumann: In connection with the meetin asked I wish to 
Association know that as far as the City 
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in cases wane pipe did break, break was about 


DISCUSSION 
Milwaukee is is a the expense of inserting valves on all existing 
hydrant pipes would be a very big item of expenditure, as we have 
at least three thousand hydrants with no independent valves and all 
under permanent pavements. Our system is over fifty years old. 


B. C. Lirrte: There is some question about the need of valves in 
all hydrants. I think there is no question about the desirability of it 
in the business district, but in the residential district, if you have your 
mains well gated and a hydrant is broken, it means that on the 
street in front of the residences you have only to shut out one block, 
if you have a gate at each end of that block. The hydrant, that is, a 
good hydrant, if it is broken, does not let the water escape; all you 
have to do is to shut off your gate at each end of the street during the 
time you are taking out that hydrant and putting in a new one; it 
does not mean digging up the street. It is a good thing to have a 
gate in front of every hydrant, but it is a question of expense. I 
do not think it is especially necessary in purely residential districts. 


W. S. Cramer: I think it is an imperative duty that on feeder 
lines of 10 inches we will say, and speaking of the smaller cities, 10 
inches and larger should have a valve on every hydrant branch, and 
in a congested district in most of your smaller towns, I think you 
should, as fast as possible see that the hydrants in that locality all 
have independent valves on them, but there is very much to be said 
in favor of what Mr. Little has said about the residential districts 
and a great deal to be said about the older towns. If these have 100 
or 200 hydrants installed in the earlier days of the plant, about 50 
years ago, considerable expense would be attached to changing them, 
but in a mercantile, high value district we have valves placed on 
even the older hydrants, and on the new feeder lines every hydrant 
on a 10 inch main or larger has a valve. I think that is necessary 
because you are dependent on that feeder line for considerable 


territory. 


H. P. Bonmann: In the City of Milwaukee when we had exisemaly: 
cold weather and little snow, several hydrant pipes broke, and in 
every case the pipe broke about midway between the hydrant and the 
main, so that we now set the independent valve close to the main on 
the strength of the experience we have had. It seemed strange that 
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_ half way betw een the main and the hydrant. It was therefore deemed 
- good policy to place the valve close to the main and not, as they do 
in many cases, near the hydrant. Of course, this affects only such 
cities as are in districts where they are subject to extremely cold 


weather. 


S. H. Taytor: There is one point that I have not yet heard brought 
out. In manysystems, especially the older ones, the non-compression 
type of hydrant is used. When the hydrant is broken off the flow of 
water is apt to be so great that it is impossible to get at a valve on the 
hydrant connection. This means that the whole section has to be 
shut off, the independent valve closed, then the water let on to the 
section again. It is better, in my opinion, to make smaller sections 
_ so that only a few hydrants would be involved in shutting off any 
- section. This would be of benefit not only in case of broken hy- 
drants, but when a section is shut off for any reason. 


N. S. Huu, Jr.: Here again we have an example of the inter- 
dependency of the various elements in design. Mr. Smith and Mr. 
Little brought out a point I think that in a system well-gated it may 
not be so necessary to have valves on the hydrants, but in a system 
that is not so well-gated, it is necessary, which makes the question of 
_ valves one of a local condition. 


> 
= 
4 
4, 
pre 
+ 


WATER SERVICE INSTALLATION: 
At this date all domestic water connections for new subdivisions, 
are being installed by laying a pipe from the main to just inside the 
curb on the dividing line of two lots, equipped with two outlets. 

Construction. On cast iron water mains, a saddle, having a 23- 
inch female standard iron pipe thread, is strapped to the main. 
On cast iron mains from 12-inch and up, a bronze saddle is used on 
account of safety. 

On sheet steel or iron main, a heavy coupling is electrically welded 
and takes the place of a saddle. 

Into saddle or coupling is screwed a bronze corporation cock having 
a male 23-inch standard iron pipe thread on one end and a leaded bell 
and outer 4-inch standard iron pipe thread on the other. The outer 
standard 4-inch thread is used for tapping purposes and can also be 
used for the laying of standard screw pipe. 

Five-foot lengths of 2-inch cast iron pipe, j-inch thick, weighing 63 
pounds per foot, with lead prepared joints, are then run from the bell 
end of the corporation cock to just inside of the curb. We have 
tested this pipe to over 1000 pounds per square inch. The 5-foot — 
length that ends just inside the curb, has a 2-inch standard iron pipe 
threaded end on which is screwed a 2-inch cast ironelbow. Intothis = 
elbow is screwed a 2-inch galvanized iron pipe riser about 20 inches 
long equipped with a 2 X 2 cast iron tee. This tee is equipped with | 
bronze bushings reduced to the size of the services required at the _ Pees 
date of installation. Bronze bushings are used on account of ease of ns Ge 
removal, etc. ‘ea 

Both these outlets can gradually be enlarged up to 13-inch with- => 
out digging in the street and if both lots are acquired by one person © 
and a large building is to be erected, the service can be made into a 
2-inch. 


1 Presented before the California Section meeting, October 15, 1925. 
* Meter and Service Superintendent, — of Water, Los Angeles, 
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When tapping large trunk lines a 2-inch shut-off is placed just inside 
of the curb, to be used when enlarging a service; otherwise, small 
mains are shut off for a few minutes while making enlargement. 
In new subdivisions where we are not sure of the location of drive- 


with a curb cock is run both ways from the tee on the riser. 

{ Curb cocks that are not immediately put in use, are sealed and can 

be used for flushing purposes, if it ever becomes necessary. 
Galvanized iron or steel service pipes, already installed in streets 

that are to be permanently paved, are being renewed in the same 

manner and the Department is endeavoring to have an ordinance 

framed that will make it compulsory for all vacant lots to be served 


included in the assessment for the street paving. 

Public sentiment is in favor of all utilities being installed in advance 
of paving. 

This method of service installation means good supply to the curb; 
it practically eliminates the cutting into paving for the renewing and 
enlarging of service pipes and it means low maintenance cost. It 


cast iron water mains. 
_ At this date we have used for service installation, 233,500 feet of 
_ this cast iron service pipe; hence, we feel as though we have passed 
the experimental stage. 

The average cost per 2-inch cast iron service including the 


is $34.25 each. This cost includes 10 per cent for supervision, 
etc. 

Galvanized iron pipe is used instead of cast iron for hillsides and 
fills. This pipe is asphaltum painted, wrapped with burlap and 
repainted. 

_ Single installations scattered over the city, are being installed with 
galvanized iron pipe. 
_ Standard corporation cocks are inserted into cast iron mains up to 


Couplings are also electrically welded on standard screw 
mains heavy pressures. 
ah Pesmmire regulators are placed on services carrying over 125, 


ways, a 10-foot piece of galvanized iron pipe equipped on each end > 


in advance of the paving. The cost of such installation may be sf 


also means one-half the present cost to consumer, when enlarging is “a 
necessary. Its construction is identically the same as for standard 


fittings, etc., for two supplies taken from same for ? and 1-inch sizes, 


— l-inch. Above 1-inch, saddles are used on cast iron mains and coupl- _ ; 
og ings electrically welded on sheet steel and iron mains of large — 4 
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pounds. These regulators are placed in front of the meter, at the 
expense of the consumer. They are maintained by the Department, 
but the Department is not responsible for damages caused by their 
getting out of order. 

Lead goose necks have been practically eliminated. 

The coupling nut tail piece, formerly used for lead flanging, is now 
threaded, into which a street elbow is screwed and left looking down- 
ward. A short piece of pipe reaching the bottom of the excavation 
is then screwed into same, which is equipped with a swinging joint to 
connect to pipe leading away tothe curb. The whole idea is to make 
the connection so that it will not be sprung by the settling of the 
earth. A fairly hard rubber gasket that will stand steam is used in 
connecting the coupling nut to the corporation cock. 

The few leaks that we have had were not due to this method. We 
consider this method superior and cheaper to the lead goose neck, 
because when a coupling nut is screwed up tight on a lead goose neck, 
the lead goes on compressing due to tension, and in a short while 
becomes loose so that a little settling of the earth starts a leak. 

Galvanized iron service pipes are laid by hydraulicking, driving or 
digging a ditch. The soil conditions, etc., determine the method. 

A truck, carrying an air compressor equipped with paving breakers, 
cuts the paving in advance of the service crews. This is costing the 
Department 22 cents per square foot. 

Services larger than 2-inch for domestic, commercial, irrigation 
or fire protection, are all taken from the main by either clamping or 
welding on a heavy coupling. 

A tapping nipple is either leaded into a clamp or screwed into a 
coupling. A gate is placed on the tapping nipple through which the 
main is tapped. 

Tapping machines from 13-inch to 8-inch are made by the Depart- 
ment and an 8-inch service is the largest we have at this date. 

Wrought iron pipe is used for irrigation services and cast iron for 
all other purposes. 

When a fire service is installed, a tee is placed on same just inside 
of the curb for the domestic supply, and a gate is left controlling the 
fire line into the building and also a gate to control the domestic 
supply. 

By this method the consumer is given a better supply and the 
Department has one less pipe to maintain in the street. The 
domestic service 
in this tee. 


also can be enlarged by unscrewing the bushing 
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GEORGE READ 
We have uidiiaaions covering curb cocks, galvanized i iron street 
elbows, couplings and elbows from 4$ to 2-inch. The reason for this 
standardization is not only to insure good composition, galvanizing, 
weights, etc., but a standard dimension, so that, when a fitting has 
to be renewed, the space for the meter remains the same. 

A special 2-inch bronze angle valve is now being used and takes the 
place of a regular curb cock because the keys corrode in the bodies of 
the curb cocks, making it very difficult and precarious at times to 
operate them. 

This angle valve has a female thread for riser and a male thread 
_ for the meter flange. It takes the place of a street elbow, curb cock 
and short nipple. 

We are now contemplating the use of copper pipe for sewer con- 
nections instead of the regular galvanized iron or "steel which cor- 

rodes very rapidly in certain soils and conditions. — iW 
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pany, Stockton, California. 


By J. H. Faaa? At 


This paper pare with water meter maintenance methods in the 
Stockton Water Department of the Pacific Gas & Electric Com- 
pany, involving 11,885 services. This is a subject which is con- 
sidered by us as of vital importance, for both our revenue and satis- 
factory public relations are dependent in a large measure on the 
accuracy of the meters registering the commodity we sell. 

In 1920 the Stockton water system was about 20 per cent metered, 
which condition had existed for several years. However, the matter 
of water supply was becoming a serious problem, and it was finally 
decided that metering of all services would have to be resorted to, 
if the demand in the future was to be met satisfactorily. 

By April, 1922 the city was placed on a 100 per cent metered basis 
and there followed the necessity of deciding upon a definite policy 
as to meter maintenance. The procedure adopted and which is now 
being followed is as follows:— 

New meters are tested for accuracy when delivered to us, sealed, 
and placed in stock subject to requisition by foreman. 

The meters are numbered with the Company’s series of numbers 
and record is made of same in meter book by meter tester, which 
information is transferred to the meter record card system main- 
tained in the office. 

Meters in service are changed every three years, or after one 
complete revolution of the dial. 

Meters involved in routine tests are removed and immediately 
tested for accuracy. The result is reported by the Testing Depart- 
ment to the Office where the result is posted to the meter record card 
and to the register, and if found to be registering more than 2 per 
cent fast, the consumer is refunded the amount of the overcharge. 

Meters to be tested as a result of consumer’s complaints of high 


1 Presented before the California Section meeting, October 15, 1925. 
? Manager, Stockton Water Department, Pacific Gas and Electric Com- 
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returned to the meter shop where it is tested in the presence of the 
consumer, if he so desires. 

Engaged in this work are one foreman and two helpers with a 
small automobile for transportation, and all of their time is devoted 
to the maintenance of our water meters, sets and outs, etc. 

The shop testing equipment consists of one Mueller Water Meter 
Tester complete with scales and test tank and attachment for gang 
testing of small meters. 

During the past year 4000 meters were removed and tested and 
results of these tests indicate that 80 per cent were under 2 per cent 
fast and 43 per cent under 2 per cent slow. The remaining 15 per 
cent ranged up to 5 per cent fast. These adjustments were made 
on consumers’ bills. 

The total cost to the Company to maintain this system, which 
includes care of sewer flushers, all sets and outs, complaints and 
routine changes, together with meter repair parts, is approximately 
$7000 per year, of which $4000 is charged to meter maintenance 
and $3000 to operation. 

While the results of the tests on the 4000 meters in question do 
not seem to justify the expense, we believe that it would be difficult 
under any system to handle the routine work with a much smaller 
organization. 

The damage to meters in service by hot water has not as yet been 
serious enough to justify considering any of the measures suggested 
in the way of check valves and relief valves with which you are all 
more or less familiar. 

Ba About 70 per cent of the meters in service are of the grease enclosed 
‘gear train type, and have given very satisfactory results. 

: Batteries of 2-inch meters are used where the demand exceeds the 
capacity of a 2-inch meter. 

In conclusion, I wish to state that we are feeling our way in this 
matter, and we will no doubt adjust our methods from time to time 
as a result of more experience. | 
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MECHANICAL EQUIPMENT FOR TRENCH EXCAVATION, 
PIPE LAYING, AND BACKFILLING! 


By Tuomas Brooks? 


Previous to the World War the Bureau of Water Works and Supply 
of the City of Los Angeles had given very little thought to the use of 
mechanical equipment for the excavation of trenches, the laying of 
pipe and the backfilling of trenches. Up to that time there was a 
plentiful supply of efficient labor at wages which were reasonable 
from the employer’s standpoint. The War however was the cause of 
a great change in this respect. During that interval and almost up 
to the present time efficient labor for trenching and pipe laying was 
not available, which will explain in part why the Bureau of Water 
Works and Supply of this City is so well equipped with mechanical 
apparatus for handling this class of work. Economy is another 
important factor worthy of consideration, as a result of the change 
from the old to the more modern methods. 

Due to the phenomenal growth of the City of Los Angeles during 
the last three years, extension of our mains to supply new subdivi- 
sions being put on the market, required the installation of from 75,000 
to 140,000 feet of pipe per month and in addition to the large volume 
of trunk-lines and betterments it became absolutely necessary, in 
order to meet the growing demand for water, to speed up our work in 
every way possible. By introducing modern mechanical equipment 
we were able to meet this condition satisfactorily to all concerned. 

At present we have a fleet of seven pipe-trenching machines, two in 
the San Fernando Valley and five for the City proper. Of these, four 
are the “P & H” and two the ‘‘Buckeye”’ wheel type excavators for 
excavating trenches from 18 to 21 inches in width and approximately 
7 feet in depth, one ladder type ‘“‘Buckeye” machine for excavating 
trenches from 24 to 42 inches in width and 8 feet in depth. 

In new tracts where there are no obstructions the small machines 
will dig a trench from 2500 to 3600 lineal feet in eight hours at a cost 


1 Presented before the California Section meeting, October 16, 1925. 
2 Superintendent of Domestic Distribution, Bureau a Water | Works and 


Supply, Los Angeles, Calif. 
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_ for operation, helper and fuel of approximately $18. 00, he average 
depth of trench being 3} feet. The large excavators are capable of 
digging a trench 42 inches in width and 53 feet in depth and a length 
of from 500 to 1500 feet in eight hours at a cost, not including upkeep, 
depreciation or overhead, of about $25.00. 
On account of the time consumed in moving the machines from 
_ job to job and the delay occasioned by break downs, the average 
_ footage of trench excavated per machine for a period of several 
months would be very much less than the figures above quoted. 
ae As to depreciation the oldest piece of equipment of our present fleet 
= ‘a has been in active service for five years and I feel sure it is good for at 
__ least two years more. Four of the wheel type machines over a pe- 
riod of eight months dug a combined total footage of 549,446 feet of 
a _ trench varying from 18 inches X 3 feet, to 21 inches X 4 feet at a 
Ph cost per lineal foot, including gasoline, cylinder oil, repair material, 
repair labor, operator, moving expenses, and overhead of five cents. 
Our ladder type machine dug 100,000 lineal feet of trench ranging 
- from 31 inchs X 4} feet to 42 inch X 53 feet at a total cost (deprecia- 
< tion not considered) of six cents per foot. The Department has a 
20-ton low trailer for moving the wheel type excavators from job to 
- job, drawn by a 5-ton capacity truck at the rate of from three to eight 
miles per hour. 
Backfilling of trenches is done by two Holt push-blade backfillers, 
and two P & H trench backfillers. The Holt machines will backfill 
es, ea an 18 inch X 3 feet trench at the rate of from six to eight thousand 
ie 3 lineal feet per eight-hour day. This is considered a very economic 
and reliable machine. For backfilling trenches, 24 inches and up, 
as >. we use the P & H backfillers with or without the boom. With the 
mS boom attachment one operator can backfill from five hundred to 
= a hundred feet of 36 inch trench per eight-hour day. These 
. + - machines are moved from job to job on one of our large trucks or on 
a 20-ton capacity trailer. For digging bell holes in hardpan or 
sandstone we have a number of pneumatic spades which are also 
very useful for tunneling below railway and other structures. One 
ee spade will accomplish the work of about four men with picks. 
Es te For cutting concrete pavement the Department has several pneu- 
tani concrete breakers. This method of breaking concrete is such 
an improvement over the old method of gad and sledge that there 
is no comparison between them. 
- Compressed air for caulking lead joints, field riveting of sheet- 
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steel mains, driving the pneumatic spades, concrete breakers, cut- 
ting cement joints from cast iron pipe and for a multitude of other 
purposes is furnished by three Ingersoll-Rand Compressors, each 
having a capacity of 212 cubic feet of air per minute and mounted on 
24-ton capacity trucks. 

For lowering and placing in the trench, cast iron pipe of the larger 
diameters (i.e., 20, 24, 30 inches and up) and for handling large 
valves and fittings, we are using an “O & 8” Truck-Crane mounted 
on a 5-ton capacity truck, and after using this Crane continuously 
for several months, handling 24 inch Class ‘‘C”’ cast iron pipe, I have 
found it to be satisfactory in every respect and I can highly recom- 
mend a Crane of this type. We also have a smaller truck-crane for 
handling loads of one ton and less. For unloading pipe from cars and 
loading trucks at our pipe yards, the Department has one P & H 
and one Brownhoist Crawler tread type, 40-foot, boom crane. It 
would be almost impossible for the Department to handle the large 
tonnage of cast iron pipe received without the aid of these cranes. 
They have proved to be all that is claimed for them by the respective 
manufacturers. 

For trench pumps we have one nine hundred gallon per minute 
centrifugal pump mounted on a four ton truck together with a 
generator for furnishing current to a large number of electric lights for 
night work. In addition to the pump and generator this truck also 
carries a 178 cubic foot per minute air compressor. All of the above 
equipment is operated by the truck motor. 

For handling smaller quantities of water, four power-driven dia- 
phragm pumps are used, mounted on small rubber tired trailers, 
which are good for 12,000 gallons per hour each. We also have an 
electric driven emergency trench pump and lighting plant mounted 
on a special 23-ton capacity truck. This 800-gallon per minute pump 
is unique, in that it requires no suction hose, pipe or priming, it only 
being necessary to connect up the discharge hose, push the button 
and the pump does the rest, and the same time generates enough 
current for a large number of ninety candle power lamps. This 
piece of equipment was designed and assembled in the Department 
machine shop. 

In conclusion, I would state that all repair work and overhauling 
is done in the Department machine shop and there is not one unit of 
this trenching and pipe laying equipment that is not doing its ‘‘bit”’ 
toward furnishing the people in the City of Los Angeles, the — 
necessary of all commodities, domestic water. 3 
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PUBLIC HEALTH ASPECT OF STREAM POLLUTION! 3 


The contamination and pollution of stream and lakes may affect _ 


adversely the health and enjoyment of the people in a number of 3 
ways. Previous speakers have discussed the effect of stream pollu- _ 


tion upon fish life both from the standpoint of the fish and of the 


sportsman, and of the effect of such pollution upon the health of live’ a 
stock. I will confine my discussion to the effect of such pollution _ 


upon what may be termed the public health aspect. 


First in importance is the effect of such pollution upon a water 
supply used for domestic purposes which may be obtained from the 


same lake or stream into which sewage is discharged. In Minnesota © 4 
we find that approximately 92 per cent of the public water supplies are _ 
obtained from wells, and other underground sources which are not 
influenced by the discharge of sewage into the streams or lakes. Of 
the remaining 8 per cent which obtain the water from lakes and 
streams but a very few are so located that the water supply is ma- 


terially influenced by the discharge of sewage or industrial wastes. a 
These municipalities, with very few exceptions, have some form of — Y 
water purification, either consisting of complete filtration or simply _ 


chlorine treatment by means of which the water is made safe for _ 
human consumption. Sewage treatment may in certain instances be _ 
absolutely necessary in order to prevent the gross pollution of a | 
stream or lake which is to be used as a source of water supply. How- 
ever, no engineer today would advocate sewage treatment as a sub- 
stitute for water filtration for the reason that there exists on the shores 
near every lake or river many sources of contamination, which from 
the practical standpoint are beyond control. Therefore, as far as 
surface water supplies are concerned sewage treatment can be con- 
sidered only as an aid or adjunct to the process of water purification, 
but not as a substitute for it. 

Next in importance is the effect upon the milk supply from cattle 


‘Presented before the Minnesota Section meeting, November 14, 1924. 
2Engineer, Division of Sanitation, Minnesota Department of Health, 
Minneapolis, Minn. 
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which are permitted to wade in sewage polluted streams where the 7 
contaminated water comes in contact with the flanks and udders — : 
of the cows. At the present time only a portion of the milk whichis = 
supplied to our larger municipalities is subjected to pasteurization. ae a; 
It can readily be seen, therefore, that permitting cattle to wade 3 ee 
the water of sewage polluted streams may be a source of real danger — <a 
to the people who are dependent upon the milk supply. In orderto 
entirely eliminate this danger so far as sewage from municipalities 
and institutions is concerned, it would be necessary to do one of three ~ 
things: to pasteurize all milk used for human consumption; to— 
construct fences which would absolutely prevent cattle having access — 
to the water in these lakes and streams; or to treat and disinfect all — 
sewage before being discharged. Here, as in the case of public water — 
supplies, we are confronted with the fact that even though all the - 
sewage from municipalities and institutions were treated to a high | 
degree, including disinfection, there would still remain many sources pi og 
of contamination which from a practical standpoint could not be a, 
controlled, and while complete sewage treatment would — ; 
lessen this danger, it would not eliminate it. oe, 
The possible danger of bathers contracting diseases when bathing re a rae 
in water contaminated with sewage must also be considered. It must 


be admitted that there is a possibility of bathers contracting certain | a 
diseases from bathing in water contaminated with sewage. Tangible _ 
evidence in the form of reliable statistics as to the degree of danger __ — 
to which the bather is subjected is apparently lacking, yet it would be © i : oa 
acting upon the side of safety to require that no sewage be discharged 
onto or in the vicinity of bathing beaches which has not first been 
clarified and thoroughly disinfected. 

Ice may be classified as a form of water supply, since it is quite ‘: # 
generally used during the summer months for the cooling of beverages. - il 
It will be of interest to know that ice in forming crystallizes and — a 
squeezes out a large proportion of chemical and bacterial impurities — : a 
which are normally present in the water from which it is formed. 
Consequently, where the water in the pond, lake or river from which © 
the ice is cut is of sufficient depth so that there will remain a layer of — 
water below the ice, and where the sewer outlet is submerged so that 
the sewage cannot actually flow over the surface of the ice, there is — 
no great danger of the ice being an agent in the transmission of _ 
diseases even though the water from which it is formed is polluted z 
with sewage. There is no case on record, which is notyopen to ih + 
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question, of an epidemic of typhoid fever having been caused by the 
use of ice. Therefore we find that stream pollution is of very little 
sanitary significance as far as ice supplies are concerned. 

The question as to what extent public health is affected by nui- 
sances due to stream pollution alone, other factors being disregarded, 
may be of interest. It must be admitted that nuisances have de- 
bilitating and nauseating effects upon some individuals tending 
possibly to an impairment of their general health which may lower to 
some extent their natural resistance to communicable diseases. A 
grossly polluted and offensive stream, especially where the pollution 
is so heavy that there is floating sludge or scum, may attract flies, 
and might under these conditions actually be a source of danger in 
case these flies later come in contact with human food. Examples of 
such gross pollution are fortunately seldom met with in Minnesota 
and where these conditions do now exist the municipalities are taking 
remedial measures. Public decency alone demands the elimination 
of nuisances, but vile and offensive as a nuisance due to stream 
pollution may become, there seems to be very little danger of any 
of these odors being the direct cause of any communicable disease. 

It is a recognized fact that sewerage systems are today considered 
as public health necessities. All such systems must have outlets, the 
sewage finally reaching some lake or river. The cost of completely 
treating and disinfecting sewage, including interest and depreciation 
changes and operating expenses, is from $1.50 to $3.00 per capita 
per year, depending upon local conditions. There should be some 
tangible reason in each case for requiring sewage treatment before a 
municipality or institution is put to the great cost of installing and 
operating a sewage treatment plant. 

It would seem that there is need at the present time for a careful 
study of the streams and lakes of Minnesota in order to determine 
the relative economic value of the various waters of the State. 
Such a study might lead to certain general classifications of the lakes 
and streams depending upon the uses to which they are put. It 
should not be difficult to establish certain fairly well-defined standards 
for each class of stream or lake as regards the degree of contamination 
or pollution to be permitted. The municipalities and industries 
using the streams and lakes for sewage and industrial waste disposal 
would then be enabled to proceed intelligently with the installation 
_ of whatever treatment works might be necessary to meet the require- 
a _ ments of the particular classification. 
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By Hiram W. Buaispetu! 


The filtration of municipal water supplies from rivers of medium 
turbidity, subject to occasional flood turbidities as high as 300 p.p.m., 
without settling; river water of medium turbidity, subject to occa- 
sional excessive flood turbidities that can be settled, with or without 
the use of alum; and water of low turbidity such as that of the Great 
Lakes and their connecting rivers, and storage waters of all classes, 
can be successfully accomplished at a 25 to 50 m.g.a.d. rate by the 
combined use of fine sand, reverse flow and filter washer. 


FILTER SAND 


MESH) MESH 

mm. mm. 
Delaware River “Bar” Philadelphia, Pa...| 0.22 | 1.9|0.42} 7.1} 0.9 
Lake Ontario (Kodak) Rochester, N. Y..| 0.18} 1.5} 0.27 | 10.0| 3.0 
Arundel “Asphalt” Baltimore, Md....... 0.11 | 3.9 | 0.43 | 27.1 | 25.0 


The Yuma grade of sand, which has been in use for twenty years, 
will give a filtrate of practically zero turbidity from easily clarified 
waters, while the Delaware River “Bar” sand, will give equally 
satisfactory results from waters more difficult to treat. The Lake 
Ontario (Kodak) sand, from the Lake Ontario Sand Company, 
Charlotte, N. Y., and the special ‘‘Asphalt’’ sand, from the Arundel 
Sand & Gravel Co. of Baltimore, Md., will reduce the turbidity of 
water of the Baltimore and Annapolis, Maryland class, which carry 
an almost unsettleable clay, to 1 to2 p.p.m. All tests thus far made 
give equally good results at 25 and 50 m.g.a.d. rates of flow. 


1 Filtration Engineer, President H. W. Blaisdell, Filtration Company, 
Philadelphia, Pa. 
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HIRAM W. BLAISDELL 

With the above filtering medium, cleaned under water with a 
filter washer, through which the entrained air will be removed, the 
finer grains of sand washed into the interstices between the coarser, 
thereby reducing its bulk about 5 per cent, and a thin layer of very 
fine sand left on the surface after washing, the filtrate will be of 
practically zero turbidity, at a 50 m.g.a.d. rate of flow with an easily 
clarified water and two at a 25 m.g.a.d. rate with more difficult 
water, regardless of the turbidity of the applied water. 

The efficiency of a rapid fine sand filter does not depend upon the 
schmutzdecke, or bacterial action of the slow sand, but upon the very 
fine surface sand, about one-eighth of an inch in thickness, left 
after washing, which, when dried, has a velvet-like feeling, and is so 
fine that the process of filtration resembles that of porous tube, or 
plate filters, the whole surface being equivalent, in its action, to a 
great porous plate filter. 


FILTERING CAPACITY OF DRY, WET OR WASHER CONSOLIDATED SAND 


Although the writer has been engaged in the construction and 
operation of rapid find sand filters for twenty years, on Colorado river 
water, in the desert country of Arizona and South Eastern Cali- 
fornia, it was not until the spring of 1921, when engaged in making 
tests for a filter, of the above type, for the Eastman Kodak Com- 
pany, Rochester, New York, that the discovery was made of the 
difference in the filtering qualities of sand placed in a filter in a dry, 
or wet condition and the necessity of using a filter washer to remove 
the entrained air and consolidate, under water, the sand put into 
a filter in a wet condition. 

A galvanized iron test filter 18 inches diameter by 10 feet deep 
had been installed and the first charge was dry sand of an analysis 
similar to the above. Successful clarification tests were made with 
this sand, at 25 m.g.a.d. rate of flow, until a few inches of gas-house 
coke was added to the surface, with a view of lengthening the runs, 
with the result that the solubles in the coke permeated the sand and 
destroyed its filtering qualities. The charge was removed and 
replaced with one of sand from the same source, which, owing to rains, 
was quite wet, no thought being given to this condition. When 
tested the clarification results were unsatisfactory at even 6 m.g.a.d. 
rate. This was puzzling, for a 1 inch glass tube filter, charged with 
dry sand, from the same source, gave satisfactory results. This 
charge was then removed and replaced with one of wet, very fine 
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J ia RAPID FINE SAND FILTRATION 


Lake Ontario sand, of which 10 per cent would pass an 80-mesh 
screen, with but little better results, although a 1 inch glass tube 
filter, charged with the same sand, dried, gave satisfactory results 
at 50 m.g.a.d. rate. It then occurred to the writer that his nme 
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work had been on dry sand, so the charge was removed, dried and 
returned and when tested gave satisfactory results at 50 m.g.a.d. rate. 

The charge was again removed, thoroughly mixed and returned to 
the filter in its wet condition and washed into place, under water, 
with an improvised filter washer and on testing gave as satisfactory 
results as the dry sand. This appears to prove that to operate a 
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filter, at high rates of Sow, the sand must be din ions when outts into 
the filter, or consolidated in place by agitation under water, with a 
filter washer. The explanation of this is that, in a dry condition, the 
finer grains naturally occupy the interstices between the coarser, but 
when wet; surface tension or the adhesion of the grains to one an- 
other prevents their normal distribution and results in a segregation 
of grains disadvantageous to the efficiency of the filter. 

This is probably the reason why the filtration of water through fine 
sand, at high rates of flow, has not been a success in the past. It may 
also account for the present limited rates of flow used in the operation 
of slow sand filters for, by removing the entrained air and consolidating 
the sand under water, with a filter washer, the rates of flow of slow sand 
filters can be more than doubled, with satisfactory turbidity and bacterial 
results, provided the underdrains and conduits have sufficient capacity 
for the increased flow. ae 


The reverse flow treatment, for renewing the filtering qualities of a 
partially clogged filter, consists in a flow of filtered water through the 
collecting conduits, half-tile sub-drains, gravel and fine sand, at a 
rate of 15 m.g.d. or 3-inch rise per minute for 5 to 15 minutes daily, or 
oftener if required, as compared with a 24-inch rise per minute, for 
3 minutes, required for a mechanical filter wash, which restores the 
loss of head, due to clogging, to nearly that of a freshly washed filter. 
An observation glass in the side of an 18-inch test filter, disclosed no 
movement, or change in the surface sand, or increase in the 
turbidity in the water over the same. The escape of a few 
fine air bubbles due, possibly, to the fact that the filter had been 
operated under a negative head, was all that was to be seen. 
It is possible that the upward flow of water, between the very fine 
grains of surface sand, breaks the clogging matter attached to, or 
resting on the sand, into innumerable particles, corresponding in size 
to that of the grains of sand, which are possibly partially turned up 
on edge, for the continued operation of the reverse flow lengthens the 
runs between treatments, as shown by the following Montreal 
experiment. This may indicate that the accumulation of broken, 
clogging material acts as a pre-filter for the fine sand, thereby 
lengthening the runs. The reverse flow is similar to that of 
“cracking” a mechanical filter, to lengthen the runs, especially when 


algae runs. 
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Comparative cost of operation and efficiency of slow sand and mechanical filters 


There is probably no better place, in the United States, for a comparison 
of the cost of operating and efficiency of slow sand and mechanical filter plants, 
than at Wilmington, Delaware, where there is one of each, operating at ap- 
proximately the same capacity, the water for both coming from the same source 
of supply. The slow sand has been in operation 15 years, during which time it 
has been cleaned with a filter washer. The following data have been compiled 
from the Water Commissioner’s report for the year 1922-23. 


AVERAGE FOR 3 YEARS 
= za | 235 E > 2 4 
mg. |per cent per cent|per cent|per cent| per cent |per cent 
2,555) 0.111/$2,428) 98.51|97.04 | 99.81) 99.767; 60.29 
Mechanical............| 2,576) 2.22 | 5,343) 83.95) 2.23*| 99.54)100.60 60.00 
97.00 11 m.g.a.d,rate of flow 
$0.17 | 92.80/30. 00 22m.g.a.d.rate of flow 


* As the removal of B. coli., by the mechanical filters, was but 6.50 per cent, 
0.53 per cent and 0 during the three years, the consulting bacteriologist sug- 
gests that: ‘‘As the efficiency of a mechanical filter depends entirely on the 
chemicals used, that liquid chlorine apparatus be installed so that a portion of 
the liquid chlorine be added to the water as it enters the coagulating basin.”’ 

+ 100 per cent except when settled water is by-passed because of air-bound 
filters, which would not have occurred had they been constructed for the use of 
the reverse flow. 


Alum used in operation of filter plants 


Mechanical in grains per 0.88 
dm Gems per 165. 66 


Attention is called to the above record which shows that the slow sand 
filters removed 97.04 per cent of the B. coli as compared with a removal of but 
2.23 per cent by the mechanica! filters. 


To make the reverse flow treatment asuccess, the flow of 15 m.g.a.d. 
must be distributed so evenly, under the filter sand, that there will 
be practically no difference in the upward pressure, otherwise it will 
lift and boil the sand at points of greatest pressure. Light 2 fl 
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588 W. BLAISDELL 


half-tile subdrains, laid on 23-feet centers and the joints cemented so 
that all the water will pass out under their edges, should be used for 
12-foot filter bays. It may be advisable to use concrete half-tile, 
with lugs under their lower edges, to aid in the even distribution of the 
reverse flow water. To relieve the packed, or hardened condition 
which sometimes occurs in a filter bed, provision is made for a reverse 
flow of sufficient volume to “‘ift”’ the sand, for a fraction of a 
minute, which will relieve the ‘‘pack.”’ 


ae NO LOSS OF WATER IN USING THE REVERSE FLOW a 2 


The amount of filtered water required for a daily reverse flow 
treatment, at a 15 m.g.a.d. rate, for 15 minutes, is 156,250 gallons per 
acre, which, when a filter is being operated at a 25 m.g.d. rate, is a 
little over ;5 of 1 per cent of the water filtered. This water is not lost, 
for it is mixed with that in the basin over the filter sand, and is re- 
filtered. Any number of reverse flows can be applied daily without the 
the loss of water. 


COMPARATIVE LOSS OF WATER IN CLEANING RAPID FINE SAND AND 
MECHANICAL FILTERS 


The amount of unfiltered water required to operate a filter washer, 
in connection with the reverse flow, is approximately one gallon per 
square foot of filter surface cleaned, or 43,560 gallons per acre. If a 
filter is cleaned once a week, when being operated at a 25 m.g.a.d. rate, the 
unfiltered water wasted, is zs of 1 per cent of the water filtered, whereas 
the average mechanical filter wastes 24 per cent, or 100 times as much, 
of filtered water. The importance of these facts can hardly be over- 
estimated, for they offer a new field of investigation in the reduction 
of water wasted in the process of filtration. 


-MONTREAL TEST FILTERS* 


the use of the reverse flow and filter washer, operated at a 25 to 50 


3 Compiled from 21 prints of ‘“The Montreal Water Board Filtration Works, 
Blaisdell Reverse Flow Filtration Tests.’’ All drawings numbered 322 and 
dated November 14, 1921 and one of same drawing number, dated September 
21, 1921, each drawing giving the daily record, for a month, of each filter being 
tested. They were prepared by Frederick E. Field, Division Engineer and 
signed by him, as well as by C. Des Baillets, Chief Engineer. 
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RAPID FINE SAND FILTRA 


| m.g.a.d. rate, are indicated by the following experiments, made by the 


Water Department of the City of Montreal, under the direction of the 
writer, during the months of July, August, September, October and 
November, 1921. 

Two test filters, 18 inches diameter by 10 feet deep, were constructed 
of galvanized iron, with an observation glass 4 by 12 inches high, in 
each, half of the glass below the surface of the sand and half above, 
and hand holes for removing the sand. The filters were set on a 
wooden stand 2 feet high, in order to make available a total positive 
and negative loss of head of 10 feet. Ball and cock valves kept the 
water in the tanks at a constant level. To determine the loss of head, 
glass tubes were connected by rubber pipes with the filtered water 
discharge pipes at their lowest points below the filters and extended 
up above the water in the filters and tape lines, with zero at the 
water level, were hung by the sides of the glass tubes. Needle valves 
regulated the flow, which was measured by discharging into quart 
jars which were to fill in a specified number of seconds. Readings of 
the loss of head were recorded hourly, also the date and hour of the 
reverse flow treatments and recovery of loss of head effected by the 
same. The engineer in charge of the pumping station attended to 
this work. 

No. 1 test filter was charged with 27 inches of sand from the 
Montreal 6 acre slow sand filters, and No. 2 with 27 inches of the 
same sand, on which was placed 6 inches of fine sand, similar to that 
in use at Yuma. The sand in both filters was washed into place and 
the entrained air removed by an improvised filter washer. 

The two filters were put into commission July 13 on St. Lawrence 
River water, of an average turbidity of 21.8 p.p.m. and rate of flow 
of 24 m.g.a.d., during the five months they were in operation. The 
initial loss of head of No. 1 was 12 inches and No. 2, 24 inches. No. 
1 ran 10 days before the positive and negative loss of head amounted 
to 9 feet, while No. 2, due to its 6 inches of fine sand, lost 9 feet in 30 
hours. A reverse flow given No. 1, of 14.7 m.g.a.d. of filtered water for 
15 minutes, reduced its loss of head to 12 inches, the same as its 
initial loss, while the same treatment of No. 2 reduced its loss to 8 
inches, only one-third of its initial loss. The length of runs gradually 
increased until October 23, when No. 1 completed a run of 12 days and 
No. 2, 10, on water of an average turbidity of 13. These long runs 
were made following the test run of five days, on water of an average 
turbidity of 92 
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M W. BLAISDELL 


_ On October 3, the turbidity of the water applied to the two filters 
was increased to an average of 92 p.p.m., for five days. The rate of 


a reverse flow daily and No. 2 three, or four a day. The turbidity 
of filtrate from No. 1 was less than 2, for four days and 4 for one 
day, while that from No. 2 was less than 2, for the five days, which 

indicates that fine sand is required to successfully treat water carry- 
G: ing a turbidity of 92 p.p.m., at a 24 m.g.a.d. rate of flow. With 
the exception of the one day, referred to above, the filtrates were 
less than 2, during all of the tests. 

The test run of No. 1 was discontinued November 30, when the 
loss of head, after a reverse flow, was 6 feet, a continuous run, without 
Cleaning, of 141 days, during which 24 reverse flows were applied, an 
average of one every 5.9 days. 

The test run of No. 2 was discontinued on November 2, when the 
loss of head, after a reverse flow, was 63 feet, a continuous run, with- 
; out cleaning, of 111 days, during which 54 reverse flows were applied, 
an average of one every 2.1 days. 

From November 2 to 19, 17 days, No. 2, without cleaning, was 


| eet from which was less than 2. On the 19th the loss of head, after a 


7 3 a reverse flow, was 8.2 feet. During the run 13 reverse flows were 
applied, an average of one every 1.3 days. 
Reduced to filter operating terms: 


4 __ The importance of the reverse flow is evident from the fact that the 
; Pe outputof the above test filters, between cleanings, was ten to twenty times 


that of slow sand filters, when operating on water of the same turbidity. 
_ Sueh long runs are not advisable, in practice, but are possible in 
of an emergency. 


Filters No. 2 and 13, of the Montreal 6 acre slow sand filtration 


ap months during the summer of 1921, on St. Lawrence River water, of 
an average turbidity of 12.7 p.p.m., at an average rate of flow of 11 
. 9 and 22 m.g.a.d. respectively, without the use of alum. Both were 


— flow continued at 24 m.g.a.d., which made it necessary to give No.1 _ 


bs 
a 
The output of filtered water from No. 1, for 140 days, without clean- 
‘ 
ing, was at the rate of 3384 million gallons per acre, and that of No. 2, 
plan nearly three 
ss Given reverse flows and cleaned with a filter washer. No. 2 was % 


constructed with the filter. 


RAPID FINE SAND FILTRATION 


given three reverse flows and seven cleanings, and No. 13 vei reverse 
flows and 14 cleanings, the number of reverse flows being nearly 
proportional to the rates of flow. The filtrate from both was less than 
2, at all times and the bacterial removal, without the use of chlorine, 
97 per cent from No. 2 and 92.8 per cent from No. 13. The filtering 
medium was 27 inches of sand, similar to that in use in the slow sand 
filters of Philadelphia and Pittsburgh, Pennsylvania. 

As shown by the operation of the two test filters, previously 
described, the above filters could have been satisfactorily operated, 
at a 24 m.g.a.d. rate, for two or three months, without washing, had 
the sub-drains and conduits been of sufficient size and the use of the 
reverse flow. This would have given the siz acre filter plant an output 
of 150 m.g.d. instead of the present 50 m.g.d. If they had been con- 
structed for the use of the rapid fine sand process the output would have 
have been 800 m.g.d. This output could probably have been obtained 
at n not over 20 per cent increase over the first cost. 


REMOVAL OF TASTE, ODOR AND COLOR = — 


The rapid fine sand filters at Yuma, Arizona, Calexico and El Cen- 4 “a 
tro, California, and of the Eastman Kodak Company have proved - ae 
efficient in the removal of ba odor and color. 


In a rapid fine ani filtration plant, the main outlet and reverse 
flow valves should be hydraulically operated, as in a mechanical 
plant, for the main valve must be closed while a filter is being cleaned 
or treated with the reverse flow. 

The width of filter bays in both open and covered filters of an area 
of one acre, or more, is 63 feet 6 inches divided into five 12 foot 6 
inch units by thin longitudinal concrete walls extending from the — 
floor to the surface of the sand, which allows the cleaning of one unit — 
without interfering with the use of the others. The open filterisso — 
designed that it can be subsequently covered with a gypsum-steel =—>- 
roof, for protection from frost, at practically the same cost as if ‘. 


A 24 by 90-foot filter is used for an output of 1 m.g.d. at a 24 &, oe ’ 
m.g.a.d. rate of flow and multiples of this for larger requirements. eg 
Open, rapid fine sand filters can be operated in colder climates than _ 


slow nad for, when being cme at a 25 m.g.a.d. rate, a downw 
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flow of § inch per minute, the water passing down as the filter 


-_ in 24 hours is equal, in volume, to a column 76.73 feet in height over 
_ the surface. The contents of a filter basin, with a 5-foot depth of 


_ water, would be changed every 1.6 hours, or 15.3 times each day. It 
will be difficult for solid ice to form under these conditions. If a few 
inches of ice should form, it can be broken and moved out of the way | 


of the washer. Aan 


_ The cost of constructing a rapid fine sand filter, of an area of one, 
- or more acres, with a capacity of 25 m.g.a.d., in a climate where a 
roof, to prevent freezing, is not required, completely equipped with 


piping, valves and filter washing machine, will not exceed $6000 per 


m.g.d. capacity. Where a roof is required the cost will be about 
$10,000. Ata 50 m.g.a.d. rate, which is feasible with water of low 


turbidity, the cost will be $3000 and $5000 per m.g.d. 


Rapid fine sand filters have a large overload or emergency capacity 
and it is not necessary to provide filtered water storage basins, for 
the pumps can take water from a sump, or well, about 15 feet in 
depth below the surface of the water in the filters, into which the 


_ filtered water main should reach nearly to the bottom, which will 


give a positive and negative head of 15 feet, about 10 feet of which, 
plus the loss of head due to friction of water in passing through the 
filter sand, is used. The Yuma rapid fine sand filter plant has three 
24 by 90 feet filters, which discharge into a common sump, with no 


intervening flow regulating devices, the pump drawing from the 


sump. In the Calexico and El Centro rapid fine sand filter plants, 


the first with two 24-by 160-foot basins and the latter with two 24-by 
- 200-foot, the discharge pipes are connected direct to the pumps. The 


El Centro filters, which have a net filtering area of two-tenths of an 
acre, have been successfully operated at a 37.5m.g.a.d. rate, this being the 


maximum capacity of all of the pumps, on water of an average turbidity 


— of 30 to 40 p.p.m. Settling basins are used in connection with the 


; at operation of the filter plants on Colorado River water. 


The Eastman Kodak Company three-quarter acre rapid fine sand 


filter plant, on Lake Ontario, about 12 miles north of Rochester, 


New York, with eight 163- by 250-foot filter bays, has no filtered water 
basin at the plant, the pumps drawing their supply from a filtered 
water sump. The filters are normally operated under a positive 
and negative head of 5 to 10 feet, which can be increased to 15 feet. 
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The _— _— of filtered water is 9 m.g.d. which j is a 12 m.g.a.d. 
rate on the ? acre of filters. Each filter has a flow regulating device. 
The plant he been in operation for over three years on Lake water 
of 4 to 300 p.p.m. turbidity, the latter being due to an occasional 
admixture of flood water from the Genesee River. The average 
turbidity is 8 p.p.m. The filtrate has always been of the highest 
quality and satisfactory for the exacting requirements of photo- 
graphic work, regardless of the rate of flow, or turbidity of the raw 
water, without the use of alum. The plant was designed for a 12 
m.g.a.d. rate of flow, but has been operated at 16 m.g.a.d. rate, with 
satisfactory results. The sand, which was dredged from the Lake, 
is finer than was desired, 10 per cent passing an 80-mesh screen, 
whereas tests showed that a sand with 5 per cent would do the 
work, but the coarser sand was not available. 


The writer includes a description of his filter washer, which was 
used in the foregoing described experiments, as the success of rapid 
fine sand filtration depends upon the use of such a machine, for 
washing. 

The Blaisdell crane type of filter washer, which has been in suc- 
cessful use for twenty years consists, essentially, of an inverted steel 
box, or washing chamber, 24 inches high by 24 inches wide and lengths 
of 6 and 12 feet, with sliding shoes attached to the lower front and 
rear edges, which form a water seal, also allow the sliding of the 
chamber on the surface of the filter sand when in operation. Ver- 
tical, hollow driving shafts extend from the operating mechanism 
down through the top of the box, or chamber, to a head with pipe 
arms and teeth which extend from 8 to 14 inches down into the 
sand. The pipe teeth are on a diameter of 12 to 18 inches. There 
are a number of ;',-inch holes near the lower ends of the teeth. A 
sufficient number of washing units are installed to clean the sand 
under the entire length of the chamber, which has no bottom. 
The chamber is carried by a steel crane bridge, with speeds of 10 to 20 
feet per minute. Provision is made for raising the chamber and a 
transfer apparatus is incorporated in the crane bridge by means of 
which the washing machine can be moved on transverse tracks, 
from one filter bay to another. In cleaning a 63-foot-6-inch filter 
bay the 12-foot washing unit is moved longitudinally on its support- 


ing crane bridge, as each ¢ unit is cleaned. The wash water is dis- 
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charged into a pipe on the bridge which discharges into a gutter 
in the top of each alternate longitudinal wall between the filter 
bays. 

In practice, the chamber is lowered into the water over the filter 
sand, pressure and suction pumps are started, the former taking un- 
filtered water from above the sand and forcing it down through the 
vertical hollow driving shafts, out through the pipe arms, down 
through the 34-inch pipe teeth and out through the holes near the 
lower ends of the same. The hollow shafts make 40 to 50 r.p.m. 
The chamber is then lowered onto the surface of the sand, which the 
revolving pipe teeth and water jets thoroughly clean as the apparatus 
is moved forward 10 to 20 feet per minute, the latter speed being 
used for washing to a depth of 8 inches. The dirty wash water 
rises into the chamber, from which it is drawn by a centrifugal pump 
and discharged into a wash water gutter. Occasionally two 14- 
inch teeth are substituted for 8-inch for two washings, to remove 
impurities that may have passed through the upper 8 inches of sand. 
No sand is wasted. 

To insure long life, low cost of up-keep and maximum efficiency in 
operating, the filter washer is made of high-grade material, the 
various parts being designed to provide for easy replacement. 

By the use of one of these filter washers, with a 12 foot length of 
chamber and 60 k.w. hours, one man will clean an acre filter 8 inches 
deep in four hours. The cost of cleaning the 6-acre Montreal slow 
sand filters is 17 cents per million gallons filtered. One man, with 
a 16-foot washer, does the work. The output of filtered water is ap- 
proximately 50 m.g.d. 

The filter plants at Yuma, Calexico, El Centro, Wilmington, 
Eastman Kodak Company and Montreal, Canada, were constructed 
for the use of the Blaisdell filter washer. 


It is possible that by forcing air, instead of water, through the 
revolving washer teeth, into a rapid fine sand filter, covered with a 
few inches of water, combined with the scouring action of the teeth 
not only to keep the grains of sand free from the gelatinous growth, 
which often gives trouble in the operation of mechanical filters, but so 
to oxidize such growth that it will not impede filtration. Thus far 
the scouring action of the teeth has kept the grains of sand free from 
all growths and incrustations. 
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It is also possible that, in thus aerating the sand, a rapid fine sand 
filter can be successfully used to remove manganese from water, for 
the experiments described by John R. Baylis seem to indicate that 
a filter, with clean sand, would be effective in the removal of manga- 
nese, if subject to exposure to air, by draining, a few hours each 
week. The scouring action of the washer teeth and a daily treatment 
with air may produce beneficial results. 


should increase, for the cost of installation and operation are less than ek 
one-half that of any filter now in use. Its operation is so simple that 
a mechanic can operate it, no chemist being required for small © 
plants. Its flexibility is an important feature, for the rate of flow 
can be instantly increased from a minimum to maximum without 
impairing its efficiency. 

Thus far no water has been found that could not be successfully 
filtered without the use of alum. The problem is simply that of 
selecting a sand which, screened to 20-mesh, has a sufficient per- 
centage of fines to accomplish the desired result, but not too fine, for 
the finer the sand the more frequent will the reverse flows and 
washings be required. 

No filtered water is required in washing, the raw water used for 
this purpose being ;'5 of 1 per cent of the water filtered. 

A rate of flow of 25 to 50 m.g.a.d. is practical, without settling, 
with water of medium turbidity, subject to occasional flood turbid- 
ities of 300 p.p.m. 

The waters of the Great Lakes and connecting rivers, St. Lawrence, 
Ottawa and rivers of this class and storage basin waters of low 
turbidity, of the Boston and New York class, can be successfully 
filtered at a 50 m.g.a.d. rate of flow. 

A high percentage of removal of bacteria, turbidity, and color is 
effected, without the use of alum, as shown by a comparison of the 
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APPENDIX 


A simple and convenient method of determining the filtering — 
quality of sand, for use in rapid fine sand filters, is as follows: 


4 JooRNAL, October, 1924, page 231. 
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thoroughly wash a few pounds in filtered water, care being taken, 
in decanting the wash water, not to waste the very fine grains. Dry 
and screen to 20 mesh. Take a 13-inch O. D. glass tube, five or 
six feet in length, and paste a strip of paper, graduated to 3-inch 
units, on the tube from the upper end down 15 inches. Press a 
rubber cork in which there is a ;°s-inch brass pipe 3 inches in length, 
tightly into the lower end of the glass tube. Construct a screen 
of graded sand over the cork and brass tube, with four 3-inch layers 
of 4- 10- 20- and 30-mesh sand to prevent filter sand passing through 
the brass pipe. Connect the brass pipe with a glass 7 by tightly 
fitting rubber tubing. Place pieces of rubber tubing, about 4 inches 
long on the two ends of the glass 7’, on one of which place two screw 
clamps and one on the other. Close the single clamp and leave the 
other two open. Mark the glass tube for a depth of 24 inches of 
sand. Fill the tube rapidly with dry filter sand to a depth of 24 
inches, care being taken to keep the funnel full of sand and the 
tube vertical so that flow will be regular and no sizing caused by the 
sand sliding on the inner surface of the tube. 

Support the tube by a laboratory clamp stand. Connect the rub- 
ber tubing with the two clamps with a glass tube in a rubber stopper 
in the top of a carraf, to prevent floor dust contaminating the filtered 
water. Fill the filter tube rapidly with distilled, or filtered water 
and keep it full until the filter sand is washed clean, as will be shown 
when the filtrate has the same turbidity as the applied water. When 
the sand is clean cease adding water and allow that in the tube to 
drain down to a depth of 4 inches above the sand when the inner 
of the two clamps should be closed. Fill the tube with the water to 
be filtered and open the clamp sufficiently to allow enough water to 
pass to cause a drop of 2 inch per minute, in the surface of the water 
in the tube, which represents a rate of flow of 24 m.g.a.d. The 
turbidity of the filtrate can be determined by various methods,— 
that designed and used by John R. Baylis, being very simple and 
accurate, for a turbidity as low as ;'5 of 1 p.p.m. can be determined. 

By using a sand of the requisite fineness, for the water to be tested, 
the turbidity of the filtrate will be practically zero, except with 
waters of the Baltimore, Md. class, which are very difficult to 
clarify. For these waters it is necessary to use the finest sand and 
to connect the rubber tube on the glass 7’, on which there is one 
screw clamp, with a pipe from a filtered water main or tank with 
sufficient head to “‘Lift’”’ the filter sand in the glass tube through which 
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surface of the filter when the reverse flow is discontinued. A cork Fe 
in the upper end of the glass tube with a 7 pipe connected with rubber | 
tubing will take care of the overflow. Care should be taken not to & 
use a reverse flow of such volume as to waste the very fine sand 
through the overflow. The result of the reverse flow will be a filter — 
surface closely resembling that obtained in the practical operation of — 
the filter washing machine. The use of this method of securing a im 
thin layer of very fine sand, on the surface of a glass tube filter, gave — i 
a filtrate from untreated Baltimore City water with a turbidity 33 A 
per cent lower than was obtained before the reverse flow treatment. __ 
A thick wall glass tube filter can be constructed for five dollars ag ah 
and, if a laboratory is not available, tested in an office by suspending 
from an electrolier by picture cord wires, care being taken to pass the — 
wires down opposite sides of the tube to and around the brass outlet 
pipe at the bottom to keep the cork in place. | 
With such a filter, charged with suitable sand for the water to be — 
tested, almost unbelievably high rates of flow of well clarified water 
can be obtained. A test made by the writer, some ten years ago, 
with such a filter, at Sacramento, California, on settled Sacramento 
River water, then being used by the city, gave a well clarified filtrate ; 
at 140 m.g.a.d. rate of flow. fred oe 
A trial of such a filter will convince the most skeptical that there — re ; 
are latent possibilities in rapid fine sand filtration. | 
Mr. Baylis has had a 2-inch. O. D. glass tube filter in use forfour 
years at the Montebello filtration plant. It is charged with 24 inches _ 
of their mechanical filter sand to which the regular mechanical filter 
wash is applied. It is used to make quick tests of chemicals preced- — 
ing their use in the plant and has effected quite a saving thereby. — 3 
Allen Hazen? states that “‘The results at Lawrence (Mass.) have 
shown that with very fine sands - and 0.14 m.m., and 4 to 5 — oes 


an insignificant fraction of the bacteria into the effluent. Still finer — 
materials, 0.04 to 0.06 mm., as far as could be determined, secured | 
the absolute removal of all of the bacteria.” 


RAPID FINE SAND FILTRATION 
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sty Key: American cone of Public Health, 12: 1, 16, January, 1922. The 
figure 12 refers to the volume, 1 to the number a the issue, and 16 to the 


of the Journal. 


The Necessity for the Continual Inspection of the Water in Swimming 
Pools. Jack J. Hinman, Jr. Swimming, June, 1925, 2. Conclusions result 
of daily examinations of water in swimming pools at University of Iowa; 
importance of continual inspection and examination stressed. Heavy appli- 
cation during early evening after pool has been vacated is most effective 
method of chlorination.—R. E. Thompson. 


Objectives in Sewage Treatment. Jack J. HinmMAN, JR. Bull. 69: Eng. 
ra Expt. Dept., Iowa State College, Ames. December 24, 1924. 11 pp. Gen- 
eral discussion of sewage treatment in relation to contamination of public 
water supplies, pollution of drinking water for animals, and use of streams 
for recreational purposes. Scarcity of reliable information relative to quality 
of water for cattle and desirability of extending our knowledge in this direc- 
tion is emphasized.—R. E. Thompson. 


My Effect of Hard Water on Peas. A. E. Srevenson. Canning Age, 1923, 
February, 21-2. From Chem. Abst., 17: 1849, May 20, 1923. Effect of hard 


distinctly hardening effect on peas. Sodium chloride with calcium content 
of more than 0.25 per cent as calcium carbonate should not be used.—R. E. 
Thompson. 


Mechanical for Solutions’ A. K. Fiscuer. 


; of The Chemical Treatment of Condensing Water. L. L. Ropinson. Elec. 

Times, 61: 607-8, 1922: Science Abstracts, 25B: 579-80. From Chem. Absts., 
17: 1854, May 20, 1923. By chlorinating surface waters used for cooling pur- 
poses, algae and other gelatinous growths giving rise to troubles in condensers 
were inhibited. Better vacuum was maintained and less circulating water 
used. Chloronome chlorinating apparatus is described.—R. EZ. Thompson. 


_ Kestner System for the Degassing of Boiler Feed Water. Anon. Iron 
Coal Trades Rev., 106: 84-5, 1923. From Chem. Abst., 17: 1854, May 20, 
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1923. Oxygen is removed by finely divided steel, specially prepared both 
in respect to chemical composition and physical condition. Advantages are: 
Heat in blow-down water is conserved; concentration of salts in boiler is 
limited to predetermined figure; salts contained in blow-down water are use- 
fully employed in softening make-up water; blow-down water itself after 
separation of contained crystallizable salts and suspended matter is returned 
to boilers; all scale-forming salts are removed outside boiler; corrosion in 
boiler, economizer, and pipe connections is eliminated.—R. EF. Thompson. 


Analysis by Temperature Changes. D. M. SrrickLanp. Metal Ind., 20: 
339-40, 1922. From Chem. Abst., 17: 1603, May 10, 1923. Thickness of zinc 
coating on galvanized articles can be determined by measuring rise in tem- 
perature caused by solution of zinc from definite area of sample in definite 
volume by hydrochloric acid. Rise in temperature multiplied by an experi- 
mentally obtained conversion factor gives weight of zinc. Temperature 
must be determined to 0.1°.—R. EH. Thompson. 


Does Nitrification Occur in Sea Water? C. B. Lipman. Science, 56: 
501.3, 1922. From Chem. Abst., 17: 1657, May 10, 1923. Experiments showed 
that nitrifying bacteria are either absent from sea water or they cannot func- 
tion in solution of such concentration. Since it will be shown in subsequent 
paper that bacteria can withstand high salt concentrations the first supposi- 
tion is probably correct. Calcareous sand underlying same sea water, and 
therefore in equilibrium with it, contained vigorous nitrifying organisms.— = 
R. E. Thompson. 


Alkalimetric Determination of Magnesium and Calcium Salts. WILL- 
STATTER and E. WatpscumipT-Leirz. Ber., 56: 488-91, 1923. From Chem. 
Abst., 17: 1604, May 10, 1923. If slight excess of 0.1 N sodium hydrate is 
added to solution of magnesium salt and then sufficient alcohol to make solu- 
tion 66-75 per cent alcohol, excess sodium hydrate can be titrated with acid, 
using 10 drops of 0.5 per cent alcoholic thymolphthalein as indicator for each 
100 cc. of liquid. Calcium can be titrated similarly if, instead of alcohol, 
sufficient acetone is added to make solution 85-90 per cent acetone. In solu- 
tion containing both calcium and magnesium the latter can be titrated alone 
by using alcohol to decrease solubility of magnesium hydroxide and in another 
portion both can be determined by using acetone to keep both magnesium 
and calcium hydroxides insoluble.—R. E. Thompson. 


Corrosion in Condensers. Ernest Bare. Engineering World, 23: 168, - 
1921; J. Inst. Metals, 26: 534. From Chem. Abst., 17: 1615, May 10, 1923. 
Canaen of failure of tubes at two power stations in Srdaey, N. S. W., de- 
scribed. At first station pitting caused failures in 2-3 per cent of guhes — a 
year, due to unsuitable composition and to American practice of prolonged 
annealing at 400°. At second station there was little pitting, but end corro- 
sion and dezincification occurred. Only serious pitting was in tinned brass” 
tubes. Experimental tests showed that hard-drawn copper tubes failed by 
pitting at 80 times rate of tinned brass tubes, 70 per cent being we 
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within 1 year. Dezincification with patent brass tubes was 100-200 per cent 
worse than with Br. Admiralty brass. Brass ferrules (60:40 composition) 
were dezincified, whereas Br. Admiralty compound was unaffected. With 
4-pass condenser percentage of failures was approximately proportional to 
square of velocity of flow. Unusual fern-like copper redeposition at tube- 
ends, ferrules, tube-plates and end-boxes was caused by condenser standing 
in foul sea water for 3 weeks.—R. EF. Thompson. 


The Determination of Hardness in Technical Waters. Franz KANHAUSER. 
Chem.-Ztg., 47: 57-9, 1922. From Chem. Abst., 17: 1680, May 10, 1923. 
Blacher method, as follows, is recommended. Determine alkalinity in 100 
cc. (dilution is made in case of very hard water) with 0.1 N hydrochloric acid 
using methyl orange as indicator; destroy methyl orange color with bromine 
water; remove carbon dioxide and halogens; add 0.5 cc. of 1 per cent alco- 
holic phenolphthalein and titrate with carbonate-free 0.1 N sodium hydroxide; 
remove color with 0.1 N hydrochloric acid and titrate immediately with 0.1 N 
potassium palmitate. Number of cc. of palmitate multiplied by 2.8 equals 
hardness in German degrees. If N/28 palmitate is employed, degrees hard- 
ness is equivalent to cc. used. Iron and manganese do not interfere as they 
are precipitated as hydroxides at phenolphthalein neutral point. The Clark 
soap method gives low results for waters containing organic material. For 
heavily contaminated waters it is recommended therefore that the water 
be evaporated, residue baked, and then brought into solution with acid. 
Blacher method gives good results with water of high organic content, but if 
highly colored it may be necessary to remove color by adding bromine water 
or by evaporation with few drops of aqua regia if phenolphthalein titration 
is interfered with. The palmitate solution may be used to determine sulfate 
content as follows: precipitate sulfate in phenolphthalein-neutral and carbon 
dioxide-free water with excess 0.1 N barium chloride; back titrate excess 
and total hardness with palmitate; calculate sulphate from palmitate solu- 
tion used and from amount used for hardness determination.—R. E. 
Thompson. 


Sterilization of Small Volumes of Water by Means of Ozone. S. Brubre. 
Tech. sanit. munic., 17: 268-70, 1922; cf. C. A., 16: 1628. From Chem. 
Abst., 17: 1680, May 10, 1923. Two types of Van der Made sterilizers for 
treating respectively 30 and 150 1. per hour described. Test of small ap- 
paratus showed reduction from 2716 bacteria per cc. (including B. coli com- 
munis and putrefactive bacteria) to 2 (B. subtilis), and of larger apparatus 
from 2345 per ce. to 8 (Mucor mucedo and B. subtilis).—R. EZ. Thompson. 


The Colloidal State and Its Relation to the Filtration of Drinking Water 
and the Purification of Waste Waters. Paut Razous. Industrie chimique, 
10: 57-60, 1923. From Chem. Abst., 17: 1681, May 10, 1923. Effects of 
surface tension, electric charge on particles, and viscosity of medium on 
persistence of suspensions, and application of these principles to coagulation 
and filtration of water outlined.—R. EZ. Thompson. 


} 
ie 
- 
| 
i 
| 
| » 3 
} 
4 


ABSTRACTS OF WATER WORKS LITERATURE 


The Determination of Alkali in Water and Nutrient Bouillon. H. Nou. 
Z. Hyg. Infektionskrankh, 96: 172-90, 1922. From Chem. Abst., 17: 1812, 
May 20, 1923. Titration using methyl orange or, after removal of carbon =~ 

dioxide, phenolphthalein or azolitmin, was found satisfactory. Iron, sili- 
cates, and humin influence accuracy of titration, giving rise to high results. . me. oe 
For turbid solutions spotting on litmus paper was found suitable—R. Bo 
Thompson. 


Influence of the Salinity of Sea Water on the Assimilation of Chlorophyll 
by Algae. R. Lecenpre. Compt. rend. soc. biol., 85: 222-4, 1921; Physiol. 
Abstracts, 7: 148. From Chem. Abst., 17: 1819, May 20, 1923. Assimila- 
tion by Ulva lactuca and by Fucus serratus increases with decreasing density 
of sea water up to maximum when density is 1.010. In more dilute solutions 
assimilation ceases. Content of carbonate and bicarbonate may be a factor. 
—R. E. Thompson. 


The influence of Reaction on Fresh Water Infusoria. W.G.Savicu. Bull Si 
Inst. Exptl. Biol. (Moscow), 1: 36-48, 1921; Physiol. Abstracts, 7: 165. Pe 
From Chem. Abst., 17: 1845, May 20, 1923. For several types optimum was 
an acid medium (pH 6.23-6.97); for others, an alkaline medium (pH 7.16- 
9.18). To former belong Frontonia, Bursaria, etc.; to second belong Nas- 
salu, Paramecium, Stentor, etc. Several kinds (Dileptus) can live well within 
wide limits (pH 4.49-9.18). Favorable influence of small admixtures of cal- 
cium is noted. Osmotic pressure does not play great part in well-being of 
infusorians.—R. EF. Thompson. 


Respiration of Fish and the Reaction of the Water. France GUEYLARD 
and Marcet Duvay. Compt. rend. soc. biol., 88: 180-2, 1923. From 
Chem. Abst., 17: 1845, May 20, 1923. Irrespective of initial pH value, 
neutrality is reéstablished either through carbon dioxide or through sodium 
carbonate given off by fish.—R. E. Thompson. ’ 


Double-Stroke, Deep-Well Pump. Eng. News Rec., 94: 873, May 21, 1925. _ 
Pump which eliminates ‘dead stop” of water column at end of each stroke, 
developed by A. D. Cook, Inc., Lawrenceburg, Ind., described briefly.— 
R. E. Thompson. 


Exchequer Dam Construction Plant Built in Narrow Canyon. Eng. News 
Rec., 94: 880-4, May 28, 1925. Construction of Exchequer Dam on Merced 
River in California for conserving flood waters for irrigation and incidentally 
for generation of power, is described in some detail and illustrated. Con- 
struction plant is of interest in having been designed for very restricted 
space, it being not feasible to provide more than one day’s storage for aggre- 
gate and two days’ for cement. The dam will be 330 feet in height and, in- 
cluding powerhouse and spillways, will contain 400,000 cubic yards of con- 
crete.—R. E. Thompson. 
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Water Works Improvements at Kearney, Neb. Etmer L. Ferravuson. 
Eng. News Rec., 94: 884-5, May 28, 1925. Recent improvements to Kear- 
ney water works are described briefly, including circular concrete reservoir 
of 1 mg. capacity and 3 new wells equipped with 1000 g.p.m. centrifugal 
pumps driven by 60 h.p. electric motors actuated by 600 h.p. Diesel oil- 
engine power plant.—R. FE. Thompson. 


Flexible Filing System for Engineering Data. JuLIAN MoNTGOMERY. 
Eng. News Rec., 94: 892-3, May 28, 1925. Simple filing system, consisting of 
legal-size filing drawer and extensible file pockets, in which literature and 
other data may be filed in alphabetical order, is described and illustrated. 
E. Thompson. 

Flow of Water in Tulsa 60-inch and 54-inch Concrete Pipeline. Frep C. 

Scospry. Eng. News Rec., 94: 894-7, May 28, 1925. Tests of Spavinaw 
reinforced-concrete aqueduct, Tulsa, Okla., are described in detail and illus- 
trated. Results were highly satisfactory. Value of C for Hazen-Williams’ 
formula was 145.4 for 6.6 miles of 60-inch pipe having 29 bends aggregating 
455.7 ; 152.4 for 15.3 miles of slightly sinuous 60-inch pipe; and 152.1 for 4 miles 
of nearly straight 54-inch pipe. Corresponding values of n in Kutter’s 
formula were 0.0111, 0.0107, and 0.0106, and of Cs in Scobey’s formula 0.386, 
0.402, and 0.409, approximately 10 per cent higher than value of 0.370 pre- 
viously suggested by author for “glazed interior pipelines.’’ Values for 
other formulas and also loss-of-head values for entire reaches of pipe, bends 
alone, and Venturi meter are included.—R. E. Thompson. 


Cofferdam Used in Bell Holes for Jointing Pipe in Wet Trench. Samuen 
P. Barrp. Eng. News Rec., $4: 902, May 28, 1925. Brief illustrated de- 
scription.—R. E. Thompson. 


Joint Between Penstock and Saddles Made of Asbestos Paper. Eng. News 
Rec., 94: 903-4, May 28, 1925. Brief description of joint between penstocks 
and concrete saddles in line serving Moccasin Creek plant on Hetchy Hetehy 
project.—R. E. Thompson. 


Newark, Ohio. Eng. News Rec., 94: 930, June 4, 1925. Brief financial 
data on Newark, O., supply, which is derived from Licking River. Total 
valuation based on cost is $770,192.58, of which $448,205 represents mains 
and services. 1923 report shows plant revenue $137,658; expense $90,889; 
net gain $46,769, an increase of $13,000 over previous year. Re-appraisement 
of all services, it is believed, would show valuation of at least $400,000 higher. 
—R. E. Thompson. 


Rope Net in Surge Chamber Safeguards Workmen. Eng. News Rec., 94: 
990, June 11, 1925. Rope net made on job at Moccasin Creek plant on Hetchy 
Hetchy project was suspended in concrete surge chamber to prevent accidents 
during construction. Surge chamber stands 48 feet above ground level and 
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inside depth is 160 feet. Use of net not only eliminated danger of accidents 
but enabled men to work more rapidly with added confidence.—R. E. Thomp- 
son. 


Dam and Power-House Reconstruction at Marinette, Wis. D. Granam 
Moon. Eng. News Rec., 94: 973-6, June 11, 1925. Construction of con- 
crete dam to replace old rock-filled timber crib structure situated about ? 
mile below Marinette Dam on Menominee River, described and illustrated. 
—R. E. Thompson. 


Probability Methods for Rainfall and Runoff. S. L. Moyer. Eng. News 
Rec., 94: 906, May 28, 1925. Brief mathematical discussion of probability 
methods, in which common error in selection of magnitudes indexing the 
chance is pointed out.—R. E. Thompson. 


Diesel Engine Developments. R. H. Bacon. Eng. News Rec., 94: 998, 
June 11, 1925. Recent mechanical improvements in Diesel engine which have 
increased its dependability discussed and two-cycle solid injection type and 
its operation described and illustrated —R. EZ. Thompson. 


Determining the Energy Lost in the Hydraulic Jump. J. C. STevens. 
Eng. News Rec., 94: 928-9, June 4, 1925. Mathematical discussion of hy- 
draulic jump which occurs when condition of flow passes from low to high 
stage across critical depth. Formula for energy loss, in terms of initial 
energy present, is derived.—R. E. Thompson. ‘4 : 


Treatment and Filtration of Water. H. W. Cuarkx. Eng. and Contr. 
63: 291-4, 1925. Observations and tests on loaded slow sand filters are 
described.—C. C. Ruchhoft (Courtesy Chem. Abst.). 


The Swimming Pool and the Engineer. Witiram S. FrRanKuIN. Eng. & 
Contr., 63: 321-4, 1925. Canvas bulkhead which serves as automatic empty- 
ing, scrubbing, and refilling device is described.—C. C. Ruchhoft (Courtesy 
Chem. Abst.). 


Metering the Water Supply of the City of Chicago. Henry A. ALLEN. 
Engr. & Contr., 63: 517-25, 1925. Causes and effects of waste are discussed 
and a comparison made of water consumption and of death rates in various 
cities —C. C. Ruchhoft (Courtesy Chem. Abst.). 


Applying Copper Sulphate. Anon. Engr. & Contr., 63: 125-26, 1925. 
Public Works, 56: 55, 1925. Dose of 0.05 p.p.m. applied on three days from 
spraying machine was effective.—C. C. Ruchhoft (Courtesy Chem. Abst.). 


Vest Station—Charlotte Water Works. Earte G. McConne tu. Public 
Works, 56: 110-14, 1925. Eight million gallon capacity filter plant, with 
novel rate controller and original filter bottoms, is described.—C. C. Ruch- 
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ea. Germicidal Action of Ultra Violet Rays. Anon. Public Works, 56: 114, 


ae 1925. Tests of U. S. Bureau of Standards with short wave lengths on Bact. 
coli are reported.—C. C. Ruchhoft (Courtesy Chem, Abst.). 


_ Breaks in Baltimore Water Mains. V. Bernarp Srems. Public Works, 
56: 115-16, 1925. Engr. & Contr., 63: 529-30, 1925. Breaks are caused by 

ae vibration from heavy trucks, disturbance of ground, and defective pipes. 
—C. C. Ruchhoft (Courtesy Chem. Abst.). 


Spavinaw Water Supply Project. W.R.Hotway. Public Works, 56: 1-5, 
1925. System to bring water 55 miles to Tulsa, Okla., is described.—C. C. 
Beto (Courtesy Chem. Abst.). 


Preventing Waste of Water by Private Fire Connections. Fire & Water 
Eng., 75: 1373, June 25, 1924. 1924 report of committee of National Fire 
Protection Assoc. on private fire supplies from public mains. Loss of water 
from fire systems are now being controlled as follows: (1) Separation of pipes 
supplying water for industrial purposes from fire service pipes within the 
property. (2) Sealing outlets, such as hydrants and sprinkler drains. (3) 
- -s sing detectors, or fire service meters, on fire service connections. Methods 
“a and 2 have been longest in use and will doubtless take care of large majority 
_ of plants having modern systems of automatic sprinklers. Method 3, use of 
detector, consisting of weighted check valve with small bypass meter, has been 
in use for several years in a few large cities with satisfactory results. Within 
ee year further improvement of this detector has been made and laboratory 
tests for determining degree of accuracy to be expected from it, indicate that 
up to 25 gallons per minute can be detected with same accuracy as with an 
— small size meter. For the comparatively few cases which cannot be 
- covered by any of above methods meters may be permitted, but these should 
be of fire service type, specially designed to offer minimum obstruction to 
_ large flows.—Geo. C. Bunker. 


_ New Water Facilities at Russell, Ky., Insure Adequate Supply. Anon. 
Railway Engineering and Maintenance, May, 1924, page 191. Chesapeake __ 
and Ohio R. R. recently completed extensive improvements to water station __ 
facilities at Russell, Ky. Present consumption is 1} m.g.d.; new facilities 
provide for 2} m.g.d. Duplicate triplex installation and emergency steam 
station were replaced by direct connected electrical centrifugal pumps in — 
20 x 55 feet dry well. Sump and intake tower corrected suction conditions. ia 
40 feet diameter by 74 feet high standpipe provides additional storage and — 
assists in clarification of treated water from 80,000 gallons per hour Graver 
Type K lime and soda ash water softening plant. Sodium aluminate is used _ 
to aid clarification. Detail Ange plans and photographs are shown.— 
Abst.). 


Huntington, W. Va., Water Facilities Have Interesting Features. ANON. 
Railway Engineering and Maintenance, 21: 4, 263, 1925. Chesapeake and 
R. R. — completed at its Huntington, W. 
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water station and placed in service largest intermittent type treating plant 
in Railway service. Triplex pumping units have been replaced by elec- 
trically driven centrifugal pumps with intake sump and drift lines. 200,000 
gallon elevated steel tank provides additional storage. Water supply is 
secured from Guyan River which is badly polluted at times with acid drain- 
age from coal mines and carries heavy burden of mud and sand during wet 
season. Treatment is carried out in two steel tanks, 54 feet diameter by 30 
feet high, which are used alternately for batches of 500,000 gallons. Lime 
and soda ash are used for softening, with sodium aluminate to aid in clarifica- 
tion when necessary. Floating suctions are connected to automatic trans- 
fer pumps to distribution system. Rated capacity is3_m.g.d. Detail piping 
diagram and photographs are shown.—R. C. Bardwell (Courtesy Chem. 
Abst.). 


Lowering Pumping Costs in Small Water Works. L. V. Armstrona. Fire 
& Water Eng., 76: 11, July 2, 1924. Municipal water works of Westbury, 
Long Island, was originally equipped with 2 triplex pumps driven by vertical 
engines designed for operation with anthracite producer gas; difficulties of 
operation resulted in change to gasoline; rising prices of gasoline and pump 
troubles forced another change to kerosene engines and airlift. By 1922, 
engines needed expenditure of several thousand dollars to fit them for peak- 
load requirements of summer. Commissioners purchased Diesel pumping 
unit, capacity 500 gallons per minute, manufactured by Ingersoll-Rand Co., 
consisting of single cylinder, horizontal, 4 cycle, solid injection oil engine 
direct connected to double acting, single stage I.-R air compressor; a short 
belt from one of engine flywheels driving Cameron single stage, centrifugal 
pump. Compressor furnishes air for lifting water from wells into catch 
basin from which pump delivers it into elevated water tank. Kerosene 
engines are retained as reserve units. New pumping unit has been operated 
for nearly a year without any change in force and engineers have had no 
trouble with it. Cost of pumping per 1000 gallons is 4.8 cents. Average 
daily pumpage is 400,000 gallons. Illus —Geo. C. Bunker. 


Gauging the Stream Flow of a Surface Water Supply. Warren E. Hatt. 
Fire & Water Eng., 76: 59, 1924. A short paper on stream gauging stations. 
Cost of installing varies from $25 for simple rod gauge to $1000, or even $2000, 
for the more elaborate permanent automatic gauges. Operating costs range 
from $150 to $500 per year depending on number of visits by engineers. Daily 
observers’ salaries vary from $5 to $15 per month. Office costs, borne by 
Survey, are between $60 and $100. Geological & Economic Survey in North 
Carolina is prepared to furnish engineers who will examine local conditions, 
plan equipment necessary to give accurate results, supervise installation, 
make discharge measurements and compute and compile data. The co- 
b;, operating municipality would have to pay for permanent equipment, includ- 
_ ing labor and material, and also for field expenses and salary of local observer. 
Illus. —G@eo. C. Bunker. 
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Get the Filter Plant Men to Work in Harmony. C. Artuur Brown. Fire 
& Water Eng., 76: 63, July 9, 1924. Discussion of “lack of understanding”’ 
between mechanical and chemical operators of filter plants. Ordinary water 
purification plant is complicated proposition and requires continuous and 
unceasing care, both in operation and maintenance, demanding therefore 
considerable mechanical ability. Likewise, an equal amount of chemical 
skill and knowledge must obtain. Unless both are present, results can not be 
satisfactory. The chemist must strive for greater or lesser ability as engineer, 
and, similarly, the mechanical operator should obtain a working knowledge 
. aah of such chemistry and bacteriology as is required to successfully operate water 
purification plants. Just as the graduate chemist may find it difficult to 
attain knowledge of mechanical side, so also, the mechanical operator may 
find it difficult to attain proficiency on scientific side. Man with knowledge 
_ of both is more charitable in his understanding of value of each. Other 
things being equal, successful operation of any filter plant must depend, 
primarily, upon experience, skill, knowledge, and judgment of operator; 
- state can ill afford to hamper plants by any action which would hinder de- 
velopment of successful operators.—Geo. C. Bunker. 


_ Characteristic Curves in Calculating Pump Action. F. JoHnstone-TAytor. 
_ Fire & Water Eng., 76: 155, July 23, 1924. Discussion of some characteris- 
_ ties of centrifugal pumps of orthodox and of self-regulating types. Illus.— 
C. Bunker. 


Calling the ‘‘Doctor’’ for the Water Works System. Henry C. Hitu. Fire 
_ & Water Eng.,76: 159, July 23,1924. Generally speaking, water works should 
be carefully examined from time to time by consulting engineer in order to take 
care of changing conditions and eliminate obsolete features. Quantity and 
quality of water, power, pumps, and fire protection are briefly discussed in 
this connection.—Geo. C. Bunker. 


_ Changing Old Water Works into a Modern System. Straniey H. Wricut. 
_ Fire & Water Eng., 76: 168, July 23, 1924. Description of improvements at 
iy Hendersonville, N. C. At junction of two creeks, at elevation of 2450 feet 
above sea level, concrete intake dam, 180 feet long and 22 feet high, was built. 
_ 16-inch c.i. pipe line, 77,000 feet long, capacity 2,300,000 gallons per day, carries 
water by gravity, under head of 117 feet, to new distribution reservoir on 


bags ay may be taken from either or both. Capacity of each section is 2.5 million 
gallons, equal to 6 days’ supply at present time. Distribution system con- 

i sists of 16-inch pipeline from reservoir to Main St., with 4, 6, and 8-inch 
laterals. More than 7 miles of new 6-inch pipe and 1 mile of 8-inch pipe 
have been laid. Fire hydrants have been set not more than 500 feet apart. 
Illus.—Geo. C. Bunker. 
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Looking Forward to a Future Water Supply. Joun H. Quensz, Jr. Fire 
& Water Eng., 76: July 30, 1924. Description of extension of water supply 
of Seattle, Washington, made necessary by rapid growth in population, now 
estimated at 350,000. Present supply, taken from Cedar river, the outlet of 
Cedar lake, is conveyed to reservoirs and stand pipes in city, with total 
storage capacity of 270 million gallons, through 2 wood stave pipe lines, of 
44-inch and 60-inch diameter. Last year a 66-inch steel pipe line, parallel 
to these was completed and connected temporarily to the wood lines 1} miles 
from north end of Lake Youngs. The Lake Youngs development embodies 
intake in lake near north end, valve well on north shore, concrete tunnel, 
controlling works, and 3 steel pipe lines connecting to existing lines. To 
complete scheme, conduit will be built later on from present intake in Cedar 
river to Swan lake, thereby eliminating 10-mile section of 44 and 60-inch wood 
pipe lines. The successful bid for work was $1,210,759. Intake is rectangu- 
lar concrete structure on lake bottom from which runs concrete conduit, 8 
feet inside diameter and 1 foot thick, to concrete valve well with 7 x 7 feet 
rectangular sluice gate which may be either electrically or hand operated. 
From well, concrete lined tunnel, 8 feet in diameter and 12,300 feet long, runs 
to controlling works, ending in steel plate wye anchored to tunnel lining by 
300 feet of steel pipe 106 inches in diameter imbedded in the concrete. Wye 
leads to 2 screening tanks each 30 feet diameter and 65 feet high. Inflowing 
water is conveyed by concrete funnel to underside of horizontal screens of 
1-inch square mesh No. 14 B.W.G. brass wire. Increased cross-sectional 
area reduces velocity of flow through tanks to about 4 foot persecond. Water 
leaves tanks through centrally placed steel funnels connecting to steel plate 
header from which 3 steel pipe lines, 48, 60, and 66 inches, respectively, convey 
it to city. Tunnel will have capacity of about 231 second feet, which should 
be sufficient for population of 750,000, or for 30 years. Illus.—Geo. C. Bunker. 


Water Supply Problems of Atlanta, Georgia. Pauxn H. Norcross. Proc. 
Amer. Soc. Civ. Eng., 51: 6, 969-98, August, 1925. Supply is derived from 
Chattahoochee River. Works include 48-inch intake conduit, steam-driven 
river pumping station operating against head of 275 feet, and three conduits 
30, 36, and 48 inches in diameter, respectively, and 18,500 feet long. Two raw 
water settling reservoirs have combined capacity of 393,000,000 gallons, and 
5 coagulating basins have combined capacity of 13,000,000 gallons. New 
mixing chamber will be constructed. Rapid sand filters are of two types. 
Original, of pressure type, contains 48 units with combined capacity of 
21,000,000 gallons daily; new, of gravity type, 7 units with same combined ca- 
pacity. New covered clear water reservoir has capacity of 10,000,000 gallons. 
Brief history of development of Atlanta’s water supply is given, including 
plans and description of new filter plant. Chattahoochee River water is 
very low in dissolved solids and hardness, former being about 32, and latter 
about1llp.p.m. Effluent from pressure plant is connected to conduit from new 
clear water basin to high-service pumping station. Improvements at Hemp- 
hill Ave. pumping station consist of new chimney, remodeling steam headers, 
equipping boilers with superheaters and mechanical stokers, remodeling 
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and discharge headers, and installing new 30,000,000 turbo- 
centrifugal pumping unit. —Joha R. Baylis. 


- Index of Analyses of Natural Waters in the United States. W. D. CoLiins 
_ andC.8.Howarp. U.S. Geol. Survey Water Supply 560-C, pp. 53-85, May, 
1925. Bibliographic list, by states, of publications of Federal and State 
reports of geological surveys, experiment stations, and health departments 
- and also of journal articles that contain collections of water analyses, con- 
a sidering primarily analyses that include determinations of mineral constit- 
uents.—David G. Thompson. 


Ground Water in Pashimeroi Valley, Idaho. Oscar E. Mertnzer. Idaho 
- Bureau of Mines and Geology Pamphlet No. 9: February, 1924, 35 mimeo- 
graphed pages, illustrated. Report of investigation made in codperation 
with U. 8. Geological Survey to determine feasibility of developing artesian 
or other ground water supplies for irrigation. Valley is one in which no 
drilled wells exist. Mountain streams furnish abundant supply of water 
in spring months, but it is quickly either carried out of basin or absorbed 
by porous sand and gravel. Springs, an increase in stream flow in lower part 
of basin, and certain water loving types of vegetation indicate that con- 
‘2. siderable water can be obtained from wells, although conditions are not 

; on favorable for artesian supplies. Methods suggested for increasing available 
ot of water supply are improvement of distribution systems, building of reservoirs, 
et * and spreading of waters to promote ground water recharge.—David G. 
T'hompson. 


‘Temperature of Water Available for Industrial Use in the United States. 
--W. D. Coins. U. 8. Geol. Survey Water Supply Paper 520-F, pp. 97-104, 
Zo 2 maps and figures, April 24, 1925. Temperature of ground water at depth 
— of 10 feet may range from 10° above to 10°F. below mean annual temperature; 
aan between 30 and 60 feet below ground surface it is generally 2° to 3° above mean 
pe aah. annual temperature, and below that depth temperature increases on an 
average of about 1°F. for each 64 feet of depth. Relation between tempera- 
___ ture of surface water and air temperature is more variable than that between 
_ temperature of ground water and air temperature. Difference may be due 
to such conditions as water carried from cool areas into warm areas, the 
e return to streams in industrial districts of heated condensing water, or the 
_ slow change of temperature in deep bodies of water. These conditions are 
_ shown by graphs of air and water temperature at several localities. Two 
maps of United States are included showing by isotherms approximate tem- 
oe. perature of water from nonthermal wells at depths of 30 to 60 feet, and ap- 
og < aol proximate mean monthly temperature of water from surface sources for July 
and August.—David G. Thompson. 


The Artesian Water Supply of the Dakota Sandstone in North Dakota with 
Special Reference to the Edgely Quadrangle. Oscar E. and HErR- 
‘§ BERT A. Harp. U.S. Geological Survey Water Supply Paper 520-E, pp. 
73-95, January, 1925. Illustrated. Review of results of uncontrolled draft 


ime 
4 
‘ - 


U 


on part of artesian basin formed by Dakota sandstone and overlying shales 
which is considered the most remarkable basin in United States in respect 
to its great extent, long distance through which its water has percolated, and 
great original pressure in the formation. It is estimated that there are 
16,000 to 18,000 artesian wells in North and South Dakota. Pressures as high 
as 200 pounds per square inch and flows as great as 4000 gallons a minute are 
reported for wells drilled in early eighties. Since then, as result of allowing 
wells to flow freely, head has dropped 250 to 300 feet (108 to 130 pounds) 
with consequent cessation of flow of wells in belt 5 to 10 miles wide, and 
great decrease in natural yield of wells in area of artesian flow. Neverthe- 
less, specific capacity, or yield per foot of head, is about same as when head 
was greater. Despite considerable reduction in waste of water following 
passage of State law in 1921, decline in head was still in progress in 1923, 
showing that discharge was in excess of recharge. This condition would 
require withdrawal of some water from storage in region. Theory is ad- 
vanced that such withdrawal was accompanied by compression of sandstone 
in which interstitial space was reduced by volume equal to that of stored 


water that was discharged.—David G. Thompson. 


Dug Wells. L. A. Geursy. Monthly Bulletin. Indiana State Board of 
Health, 27: 11, 169, November, 1924. Brief exposition of unsatisfactory 
sanitary quality of waters from dug wells. In year ending September 30, 
1924, some 711 dug wells were examined in Indiana and 513, or 72 per cent, 
were found bad. Of wells less than 25 feet in depth, 88 per cent were found 
bad, and of wells of greater depth, 60 per cent.—Z. S. Chase. 


Many Household Water Filters are Inefficient. Weekly Bull. Cal. St. Bd. 
Health, 3: 52, 205, February 7, 1925. Points out that, of household filters, 
a few are efficient in removing bacteria; but most do little more than prevent 
spattering of stream from faucet. Gives results of an investigation by Con- 
necticut State Board of Health, summary of which is, that household filters 
with proper care have some advantages, but their usefulness is limited and 
in general extravagant claims as to their value are untrue.—Z. S. Chase. 


Polluted Water Causes Two Epidemics. Illinois Health News, 11: 3, 67, 
March, 1925. Epidemics respectively of dysentery in Greenville, Ill., and of 
typhoid in Sterling and Rock Falls, Ill., due to infected water supplies. 


_ At Greenville, mains from supply wells are of vitrified tile instead of iron 


and pass over sewer at two or three points. Leakage from sewer found its 
way into watersupply. Nearly 3000 cases of dysentery occurred. At Sterling 
and Rock Falls typhoid outbreak occurred among employees of one factory 
and was attributed to leaky cross-connection between Sterling water supply 


_ and polluted private supply of factory.—Z. S. Chase. 


Sanitary Engineering Work in the Tornado Area. H. F. Ferauson. Illi- 
nois Health News, 11: 5, 134, May, 1925. Account of sanitation measures 
put into effect by Sanitary Engineering Division of Illinois State Dept. 
Health subsequent to tornado of March 18, 1925, which devastated portions 
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of that nie At Murphysboro, supply is normally filtered and thease 
but due to heavy demand for fire use, filters had been by-passed and water 
i. = =" pumped to mains which had been chlorinated only, with, however, triple 
ss dosage. At West Frankfort water had been taken from a stream and pumped 
: ce 4 without treatment. After the tornado, emergency chlorinator was installed. 
2 - Many private water supplies from wells and cisterns were in use in devas- 
- tated area. Many of the wells being open at top had various kinds of pollut- 

4 in® i. ae ing material blown into them. All wells were disinfected with chloride of 
lime and better type of wells were posted for use and poorer wells placarded 


+a with danger signs. As a result of prompt emergency work, no outbreak of 
water-borne disease occurred.—E. S. Chase. 


Protection and Development of Ground Water Supplies. ANon. Monthly 
Bull. Indiana St. Bd. Health, 28: 8, 113, August, 1925. ‘‘Code of Princi- 
eae _ ples’’ taken from report of committee on sanitary control of ground water 

supplies to conference of State Sanitary Engineers in Louisville, April 25-27, 
ae . - 1925. Ten principles are stated, covering safeguards to wells, springs, mine 
ioe water, and infiltration galleries.—G. C. Houser. 


The Iodine Content of a Few of the Public Water Supplies of New Jersey. 
Leroy Forman. Public Health News (N. J. Dept. of Health), 10: 6-7, 
164, May-June, 1925. A study of iodine content of public water supplies 
of New Jersey is now being made, on account of attention lately given to 
relation of amount of iodine in water to prevalence of goiter. Of ten supplies 
examined, largest amount of iodine, 8 parts per billion, was found in water 


Tri-State Water Treaty. W. L. Stevenson. The Listening Post (Penn. 
7 Dept. of Health), 3: 23, 22, February, 1925. On January 24, 1925, compact 
es between states of Pennsylvania, New York, and New Jersey was signed by 
Commissioners appointed by Governors of the three states to negotiate a 
treaty concerning allocation and use of waters of Delaware River. Compact 
_ definitely sets forth that highest use of water resources of Delaware River 
is for public water supplies. Water of the river above Port Jervis is equally 
divided between all three states and below Port Jervis between Pennsylva- 
nia and New Jersey.—G. C. Houser. 


Sanitation of Cistern Water Supplies. ANon. Quarterly Bull., Louisiana 
_ $State Board of Health, 15: 4, 210, December, 1924. In order to avoid con- 
tamination of cistern water supplies, cisterns should: (1) Be tightly covered. 
(2) Have inlet for water screened with copper or bronze wire having 18 
meshes toinch. (3) Be provided with cut-off, by which first washings from 
roof may be diverted to ground and wasted. (4) Be watertight, particu- 
ns larly if cistern is underground.—G. C. Houser. 


_Todin and Goiter in Macomb County, Michigan. E. F. Public 
Health (Mich. Dept. of Health), 12: 10, 328, October, 1924. Study of iodin- 
containing water supplies of Michigan has received attention of Michigan 
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Dept. of Health during past year. It was found that presence of iodin in a 
water supply was coincident with reduction in goiter incidence of that com- 
munity. Iodin in Macomb county water supplies is, as a rule, insufficient 
to prevent goiter entirely. Such iodin evidently comes from an outcropping 
of the Berea sandstone.—G. C. Houser. 


Forestry and Rainfall. Anon. Bulletin of Minnesota Federation of 
Architectural and Engineering Societies, 9: 9, 11, September, 1924. Extracts 
from article prepared in 1921 by W. B. Parton, long an eminent civil en- 
gineer of Duluth, entitled ‘‘A Study of Meteorological Conditions at Duluth,”’ 
and from an article on ‘‘Forestry and Stream Flow’’ prepared by Major 
W. W. Harts, Corps of Engineers, U. 8. Army, for presentation before En- 
gineering Association of the South, and published in its Proceedings, Vol. 
XXI, No. 1, page. 20.—G. C. Houser. 


Drainage and Rainfall. E. V. Wituarp. Bull. of Minn. Fed. of Arch. 
and Eng. Soc., 9: 10, 16, October, 1924. Letter discussing ‘“‘A Study of 
Meteorological Conditions at Duluth’ by W. B. Parron, which was pub- 
lished in September, 1924, issue of Bulletin.—G. C. Houser. 


Typhoid Fever Held Compensable under Workman’s Compensation Act. 
(Decision of Maine Supreme Judicial Court). Monthly Bull. Indiana St. Bd. 
Health, 28: 5, 69, May, 1925. Typhoid fever, contracted by an employee 
of state highway commission from drinking polluted water furnished him by 
commission while in its employ, is a personal injury by accident within the 
terms of Maine Workmen’s Compensation Act, and therefore compensable. 
(Brodin’s Case, 126 Atl. 829.)—G. C. Houser. 


Preventing Simple Goiter. ANon. Public Health (Mich. Dept. of Health), 
13: 1, 15, January, 1925. It is universally agreed that iodin deficiency in 
soil and water is cause of simple goiter. In Michigan, soil and water are 
decidedly deficient in iodin, resulting in high percentage of thyroid enlarge- 
ment. For supplying the iodin lacking in our diet, iodized salt is most effec- 
tive and inexpensive method. lIodized salt put on market by Michigan salt 
companies contains 0.02 per cent of sodium iodide.—G. C. Houser. 


Hard Water an Unnecessary Evil. E.F.Eupriper. Public Health (Mich. 
Dept. of Health), 13: 1, 17, January, 1925. Hard water is one of most dis- 
agreeable and expensive of household commodities. City of Lansing, with 
population of 75,000, has water supply that contains 380 p.p.m. of hardness. 
Author estimates annual loss in soap due thereto at $134,000. On the other 
hand, he estimates annual cost of softening the water by means of a municipal 
softening plant, including interest on original cost of plant, at only $103,300. 
—G. C. Houser. 


The Relationship of Hard Water to Health. I. Joun T. Myers. J. Infect. 
Dis., 36: 6, 566, June, 1925. Experiments carried out to determine whether 
hard water was possible factor in urinary concretion formation are described, 
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and results summarized as follows: Oxamide fed to rabbits produced only 
a slightly larger amount of solid material in urinary bladder when rabbits 
received hard water than when they were given distilled water; no definite 
relationship was observed between hardness of water intake and amount of 
calcification of cartilage blocks in bladders of rabbits in conjunction with 
either high, or low, calcium diet; no evidence has been found proving hard 
water to be etiologic factor in urinary concretion formation. Relationship of 
Hard Water to Health. II. Effect of Hard Water on Growth, Appearance, and 
General Well-Being. Joun T. Myers. J. Infect. Dis., 37: 1, 13, July, 1925. 
Summary of experiments: White mice on diet of grains and a natural very 
hard water showed no striking differences in growth or appearance from 
those on similar diet receiving distilled water; white rats exhibited no marked 
differences; young rabbits receiving hard water were 30 per cent heavier at 
age of 42 days than those receiving distilled water; a few dogs on a mixed diet 
and natural hard water grew faster and had better general appearance than 
similar dogs with distilled water; two calves receiving a moderately hard 
water were 20 per cent heavier at age of 8 months than similar pair receiving 
distilled water; several groups of chicks on grain diet and natural hard water 
gained from 20 to 40 per cent more during first few months of life than did 
similar groups on distilled water intake; in one instance experiment was 
continued for a year and chicks receiving distilled water did not catch up. 
In no instance did animals on distilled water develop better than those on 
hard water, but reverse was true under several conditions.—A. W. Blohm. 
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as. ie Traité de Technique, Vol. 1, Approvisionment et Distribution de 1’Eau. 
A. Rutot, P. QuEsTIENNE and F. Purzrys. Series edited by F. Purzrys 
and F. Scuoors. 8vo. 535 pages, 178 figs. Librairie Polytechnique, Ch. 
Boranger, éditeur, Paris and Liégo. (Rev. hyg., 47: 461, May, 1925.)— 
Jack J. Hinman, Jr. (Courtesy Chem. Abst.). 


Analyse bacteriologique des eaux potables (Guide pour l’éxamen des eaux 
destinées a l’alimentation). P. Moturex, expert chimiste prés des tribunaux, 
chimiste principal au Service de surveillance des eaux d’alimentation de la 
Ville de Paris. Preface by Dr. Pottevin. 1925. XII plus 192 pages. Le 
Francois, éditeur, 91 Bvd. St. Germain, Paris. (L’Eau, 18: 57, mai 15, 1925.) 
—Jack J. Hinman, Jr. (Courtesy Chem. Abst.). 
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Accounting ; uniform, 508 

Acidity: corrosiveness and, 102, 256 
determination, 110 
iron, high silicon, and, 31 
paper manufacture and, 417 
softening, base exchange, and, 419 
see Hydrogen-ion concentration 

Admiralty metal; composition, 90, 93 
corrosion in salt water, 89 seq., 


307 
Adrian, Mich.; filtration, 129 
Aeration; air-lift and, 341 
carbon ‘dioxide removal and, 91 
corrosiveness and, 91 
iron removal and, 341 
odor, removal and, 341 
taste, chlorophenol, and, 424 
see Oxygen dissolved 
Agitation; coagulation and, 34 
Air-lift; see Pump 
Akron, O.; filtration, 133 
goiter, 327 
typhoid, 63, 66 
Alabama; filtration, 123, 125 
Albany, N. Y. filtration, 
typhoid, 61 seq. 
Albany, Ore. ; filtration, 135 
Albany- Decatur, Ala.; purification 
plant data, 125 
Albemarle, N. C.; purification plant 
data, 132 
Albion, N. Y.; filtration, 132 
Alexander City, Ala. ; ’ purification 
plant data, 125 
Alexandria, Va. ; filtration, 139 
Algae; taste and; brass and copper 
pipe and, 96 
silver, intensification and, 96 
see Microscopic examination; 
Microscopic organisms 


Alkalinity; corrosiveness and, 102 
seq., 256, 259, 299 
determination, 110, seq., 346 
lacmoid, 121 ret 
lead solvenc and, 300 ee 
limit, desirable, 121 iat? 


paper manufacture and, 417 

see Hydrogen-ion concentration 
Alliance, O.; filtration, 133 
Alpena, Mich. ; filtration, 129 ae 
Altavista, Va. filtration, 139 


SUBJECT INDEX 


meters, 500 


i. 613 


purification plant data, 
12 


Altus, Okla. ; filtration, 134 
Alumina; see Coagulation 
Aluminium; alkalies, action on, 102 
determination, 39, 41, seq., 113 
Aluminium sulfate; analysis, 38 seq. 
basicity, desirable amount, 445 
corrosiveness and, 108 
iron, high silicon, "and, 31 
sulfate content, importance, 445 
Alvord, Burdick "and Howson; 372, 
448 


American Engineering Standards 
Committee; organization, 46 
specifications, 38, 46, 53 seq. 
American Gas Association; 

threads, 53 

American Medical Association; 
typhoid survey, 60 seq. 

American Public ealth y 
standard methods and, 109 seq., 
343, 346 

American Railway Engineering Asso- 
ciation; water analysis, 346 

American Society of Automotive 
Engineers; screw threads, 53 

American Society of Mechenical 
Engineers; threads and, 53 

American Society for Testing Ma- 
terials; organization, 46 

sieves, characteristics, 237 
specifications and methods, 38, 
46 seq., 105 
American Water Works Association; 
ballot, letter, 500 seq. 
committees ; ’ administrative, pro- 
posed, 500 
brass fittings, 500 
contract, standard form of, 500 
electrolysis, 504 
filter sand testing, er 235 
finance, report, 153 seq. 
fire protection, 505 


pipe 


materials, report, 38 seq. 
water analysis; B. coli test and, 
535 seq. 
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methods for boiler purposes, 
report, 107 seq. 
phenol detection, bibliog- 
raphy, 348 seq. 
report, 343 seq. 
constitution ‘amendments, 500 seq. 
convention, 498 seq. 


cross connections and, 14 seq., 
436, 505 
Diven Memorial Medal, rules of 


award, 499 se 
electrolysis fond. report, 161 
fire protection and, 501 seq. 
Illinois Section meeting, 162 seq. 
Iowa Section meeting, 162 seq. 
manual, publication announce- 
ment, 11 seq. 
membership, 155 
North Carolina Section, cross con- 
nections and, 14 seq. 


office, candidates, requirements, 
500 seq 
organisations, affiliation with, 


plumbing pipe and, 97 seq. 
secretary’s report, 157 seq. 
j joint meetings, 


‘pipe, omy 97 seq. 

standardization Council report, 500 

superintendents’ question box 
series, 448 seq 

treasurer’s 159 seq. 

water analysis, standard methods, 
and, 343, 346 


Wisconsin’ Section meeting, 162 
seq., 507 seq. 

work of, value, 144 

American’ Water Works Manu- 


facturers as conven- 

tion, 502 

American Well” Works; Holland, 

Mich., and, 20 

Anacortes, Wash. ; ; filtration, 139 

Anacostia River; typhoid and, 437 

Anderson, Ind.; ‘filtration, 127 

Anderson, Ss. C.; purification plant 
data, 137 

Animals; ‘domestic, water supply and, 


, 506 
Anna State Hospital; water supply, 
126 
Anthracene; chlorination taste and, 
426 


Antimon 


alloys; analysis of, 50 


a.; purification plant data, 


data, 
Arizona; filtration 123 


Arizona, Cal.: filtration, 591 

Arkansas; filtration, 123, 125 

Arlington, Ore. ; filtration, 135 

Arlington, Wash. ; filtration, 139 

Artesian; see Well 

Arundel Sand and Gravel Co.; sand 
data, 581 

Asbestos; gaskets and packing, speci- 

fications, 54 seq. 


Ashbury Park, N. J.; purification 
plant data, 131 
Asheville, 43 C.; population in- 


crease 
Ashland, Msg filtration, 128 
metering, consumption and, 378 
meters, checking of, 454 seq. 
Ashland, filtration, 133 
Ashland, Va; filtration, 139 
Ashland, Wis. ; filtration, 142 
Ashtabula, O.; purification plant 
data, 133 
Asphalt; ‘simplified practice, 59 
Athens, Ga.; filtration, 126 
Atlanta, Ga.; filtration, 126 
typhoid, 
water works, cost, 151 
Attentie Clty, N. brass piping, 
9 


9 
Augusta, Ga.; filtration, 126 
Augusta, Me.; filtration, 141 
Aurora, Ind. ; ; filtration, 127 
Austin, Tex. ; ; filtration, 138 
Autoclave; an inexpensive, 357 seq. 
Avalon, Md. ; filtration, 139 


Babcock and Wilcox Co.; boiler in- 
stallation, 371 
Bacillus aerogenes; brilliant green 
and, 536 seq. 
vegetation and, 2 
see Bacteria, group 
— welchii; brilliant green and, 
36 
Bacteria, colon group ; differentiation, 
eosine methylene blue agar, and, 
267 seq 
characteristics, Indi- 
anapolis, 544 seq. 
vegetation and, 264 
see Bacterium coli 
meer spore-forming; B. coli test 
, 345, 347 
brilliant green and gentian violet 
and, 545 
Bacterial content; 
cance; agar, 121 
litmus agar, 121 seq. 
freezing an 5 
increase; after treatment, 
506 


counts, signifi- 


261 seq., 
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in reservoirs, sea gulls and, 529 
softening, lime-soda, and, 407 
see Bacterium coli 

Bacteriological examination; see B. 

coli test 

d Bacteriological examination, media; 

dyes for, 267 seq., 346 seq., 
535 seq. 

pH determination, 344 

sterilization, inexpensive autoclave 

° for, 357 seq. 

Bacterium coli; bile salt and, 546 seq. 
brilliant green and, 536 seq. 
eosine, inhibition and, 270 
filtration, removal and, 587 
increase after treatment; 261 seq. 

in reservoirs; 264 
sea gulls and, 529 
litmus lactose agar and, 121 
methylene blue, inhibition and, 
267, 270 seq. 
significance, 122 
standard, U.S. P. H. S., and, 122, 
260 
see Bacteria, colon group; Bac- 
terium coli test 
Bacterium coli test; bile media and, 
546 seq. 
brilliant green media and, 345 seq., 
535 seq. 
confirmation; Cincinnati and, 262 
brilliant green and gentian violet 
media for, 542 seq. 
eosine methylene blue agar and, 
267 seq., 345, 347 
gentian violet media and, 346 seq., 
537 seq. 
spore formers and; 345, 347 
brilliant green and gentian violet 
and, 545 
symbiotic complexes and, 543, 548 
N. C.; purification plant data, 
132 


Baileys Creek; water quality, 137 
Baking industry; chlorinated water 
e and, 506 
_ Baltimore, Md.; coagulation, 34 
“it distribution system, valves and, 
513 
filter sand analysis, 246 seq. — 
filtration, 129, 596 
plumbing, 319 seq. 
sewage disposal, 319 seq. 


seq. 


Bangor, Me.; filtration, 129 
Bar Harbor, Me.; filtration, 141 
Barberton, O. ; filtration, 133 
Barrington, R. I.; purification plant 
data, 137 


‘SUBJECT INDEX 


typhoid, 63 seq. * as 


Bartlesville, Okla.; filtration, 134 
Basin, Wyo.; filtration, 141 
Batavia, N. Y.; filtration, 132 
Batesville, Ark.; filtration, 125 
sewage pollution, disease 
and, 579 
see Swimming pool 
Bauxite; analysis, 40 seq. fai 
Bay City, Mich. ; filtration, 129 
Bearing metal; specifications, 50 7 
Beaumont, Tex.; filtration, 138 
Beaver Valley, Pa. ; purification plant 
data, 135 
Belfast, Me.; filtration, 129 
> O.; purification plant data, 
Belting; specifications and testing, 52 
Benton Harbor; purification plant 
data, 129 
Benwood, W. Va.; filtration, 140 
Benzol; chlorination taste and, 426 
— Pa. ; purification plant data, 
Bethlehem, Pa.; purification plant 
data, 135 


142 
industry ; treated water 
6 
’ 


an 

Bezssonov reagent; phenols and, 348 

Biddeford, Me.; 129 

Bile; see Oxgall 

Billing; methods, 508 

Billings, Mont. ; filtration, 131 

Binghampton, N. Y.; filtration data, 
132 


Birch; pump valves, 376 
Birmingham, Ala. ; purification plant 
data, 125 
typhoid, 64, 66 ae. 
Bismarck, N. Dak.;filtration,133 
Black and Veatch; filter sand analy- 
sis, 250 
Black River; water quality, 91 
Blackwell, Okla.; filtration, 134 
Blaisdell; sand washer, 583 seq., 593 
seq. 
Bisodhing; iron content and, 417 
Bleaching powder; see Calcium hypo- 
chlorite 
Bloomsburg, Pa.; purification plant 
data, 135 
Bluefield, W. Va.; filtration, 140, 334 
Boiler; blow off valves, 55 
corrosion; hardness and, 408 seq. 
lime-soda treatment and, 418 
Evansville, Ind., and, 371 
feed water; analysis, 107 seq., 344, 
346 


hardness, corrosion and over- 
heating and, 408 seq. 
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treatment; compound and, 418 
lime-soda, foaming and, 418 
zeolite, foaming and, 411 
seq., 419 
foaming; organic matter and, 115 
softening and; lime-soda, 418 
zeolite, 411 seq., 419 
overheating, hardness and, 408 
steel, specifications, 48 
tubes, specifications, 48 
Bolts; specifications, 54 
Boston, Mass.; brass pipe, 93 
typhoid, 61 seq., 66 
- Bound Brook Water Co., N. J.; 
nie purification plant data, 131 
Brackenridge, Pa. ; purification plant 
es data, 135 
____ Brass; corrosion, mine water and, 257 
specifications, 49 
see Pipe, brass 
Breckenridge, Minn.; filtration, 130 
Breckenridge, Tex. ; filtration, 138 
Brick; specifications, 51, 59 
Bridgeport, Conn. ; typhoid, 61, 66 
_ Bridgeton, N. J.; purification plant 
ata, 131 
Brilliant green; see Bacterium coli 
test 
Brinell hardness; determination, 53 
Bristol, Pa.; purification plant data, 


Bristol, R. I.; purification plant data, 
137 


Bristol, Tenn.; filtration, 138 
Bristol, Va. ; filtration, 139 
Bristol depth gage; 20 o> 
Brockport, N. Y.; filtration, 132 
_ Bronze bearing metal ; specifications, 
50 


Bronze, government; specifications, 
49 


_ Bronze, manganese; analysis, 49 seq. 
specifications, 49 

welding and, 552 

_ Brookfield, Ill.; Diesel engine drive, 
200, 205 

Brookline, Mass.; filtration, 141 
Brooklyn, N. Y.; brass pipe, 100 seq. 
emergency crews, 523 

_ filtration, 132, 142 

_ Brookville, Pa.; purification plant 
re data, 135 

Brownhoist; crane, 577 

Brownsville, Tex.; filtration, 138 
Buckeye; trenching machine, 575 seq. 
Buckhannon, W. Va.; filtration, 140 
Bucyrus, O.; purification plant data, 


SUBJECT INDEX 


see Hot water installations = 


see Western New York Water Co. 

Builders Iron Foundry; Venturi 
meter, 374 

Burlington, Ia.; filtration data, 128 

Burlington, N. C.; purification plant 
data, 132 

Burlington, N. J.; purification plant 
data, 131 

Burlington, Vt.; filtration, 139 

Burnt Mills, Md.; see Washington 
Suburban Sanitary District 

Buschmann (A.) & Sons, Inc. ; plumb- 
ing payment plant, 316 seq. 

a Pa.; purification plant data, 
135 


Cairnbrook, Pa.; purification plant 
data, 135 
Cairo, Ill. ; purification plant data, 126 
Calais, Me.; filtration, 129 
Calcium; chloride, corrosiveness and, 
108 
determination; in lime, 43 seq. 
in water, 110, 114 
hypochlorite, available chlorine, 
determination, 45 
nitrate, corrosiveness and, 108 
Calco Chemical Co.; dyes, 536 
Calexico, Cal. ; filtration, 591 seq. 
California; filtration, 123, 125 
irrigation, 309 seq. 


rainfall, 310 seq. peat 
stream flow, 310 seq. tg 
water resources, 309 seq. 


Cambridge, Mass. ; filtration, 129 
typhoid, 61, 66 

Cambridge, O.; purification plant 
data, 133 

Camden, Ark.; filtration, 125 

Camden, N. J.; typhoid, 61 seq. 

Camera lucida drawings; sand grains 
and, 249 

Canning industry; treated waters in, 


Canonsburg, Pa.; purification plant 
data, 135 

Canton, N. C.; purification plant 
data, 132 

Cape Fear River; color removal, 446 


seq. 
Capitol City; 8 seq. 
Carbon dioxide; aeration and, 91 
corrosiveness and, 91, 102, 108 seq., 
256, 299 
determination, 114, 344, 347 
lead solvency and, 300 
removal, aeration and, 91 
soda ash treatment and, 300 
Carbonation; chlorophenol tastes 


q 
if 
4 


( 
( 
{ 
| 
oy 
we] 
x 
A 
vat 
; 
13 
| a Buffalo, N yhoid, 61, 66 


Pa. ; purification plant data, 

1 

Carrick, Pa.; purification plant data, 
135 


Carrollton, Ga.; filtration, 126 
Cartersville, Ga.; filtration, 126 
Castings; specifications, 48 seq. 
Catasauqua, Pa.; purification plant 
data, 135 
Catawba River; water quality, 138 
Catleffsburg, Ky.; filtration, 128 
Causticity modulus; determination, 
111 


Cedar Creek; water quality, 8 
Cedar Rapids, Ia. ; filtration, 128 
meter practice, 474 
Cement ; quality, judging, 56 
specifications 50, 56 
— iron and steel, specifications, 
4 


Champaign and Urbana Water Co. ; 
purification plant data, 127 

Chanute, Kans.; filtration, 128 

Chariton, Ia.; Diesel engine drive, 
200 seq 


‘Pa.; purification plant 
data, 135 

Charleston, Ill.; Diesel engine drive, 
200, 206 


, 20 
purification plant data, 127 


Charleston, Miss.; Diesel engine 
drive, 219 
Charleston, 8S. C.; flushometers, 464 
seq. wr 
meters, 300 


purification plant data, 137 


services, 295 se 
filtration, 140 


Charleston, W. 

Charlotte, N. C.; population in- 
crease, 145 

purification plant data, 132 

Charlottesville, Va.; filtration, 142 

Chattanooga, Tena.; filtration, 138 

Check valves; unreliability, 435 seq., 
505 

Checotah, Okla. ; filtration, 134 

Chemical feed; control, 32 seq. 


dry; accuracy, 33 


advantages, 37 
experience with, 36seq. 
solution, accuracy, 33 i 


Cherokee Bluff, Ala.; purification — 


plant data, 125 
Chester, N. Y.; water supply, 126 
Chester, purification plant data, 


136 


Chester, S. C.; purification 
data, 137 
Cheyenne, Wyo., filtration, 


SUBJECT INDEX 


Chicago, Ill.; chlorination, 178 seq. 
consumption, 147 
ground water level, recession, 342 


metering, 147 
typhoid, 62 seq., 180 v1 


Chickasha, Okla; : filtration, 135 
Chillicothe, Mo.; filtration, 130 
Chisholm, Minn. ; filtration, 130 
Chloramine-T. ; phenol and, 
Chloride; pH and, 396 
pollution and, 120 ) 
Chloride of lime; see Calcium hypo- 


chlorite 
Chlorination; algae and, 530 re 
baking industry and, ’506 


control; residual chlorine and, 122, 
we vi seq., 531 
irginia and, 334 
emergency and, 332 
organic matter ‘and, 403seq. 
plants, 125 seq. ive 
secondary, New York and, 526 seq. 
Synura and, 530 
taste ane odor and; aeration and, 
42 
anthracene and, 426 
benzol and, 426 
carbonation, 424 + 
chlorine, and, 346, 404, 424 : 
cresol and, 4 
and, 424 
disease and, 335 
gas works’ waste and, 426 seq. 
naphthalene and, 426 
phenol and; 335, 346, 423 seq. 
concentration and, 426 
superchlorination and, 346, 404 
Synura and, 530 


temperature and, 400, ee 
testing procedure, 428 
xylol and, 426 an 


turbidity and, 531 
see Chlorine; Phenol; Prechlorina- 
tion; Swimming pool 
Chlorine in water, pH 


silicon and, 31 
Chlorine absorption ; chlorine con- 
centration and, 403 
temperature and, 424 
Chlorine determination; in bleaching 
powder, 45 
see Water analysis 
Chlorine water; standardization, 384 
seq. 


Cincinnati, O.; B. coli test confirma- 
tions, 362 


chlorination, 260 seq. 
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filtration, 134 

typhoid and, 63, 66, 265 

water quality; 260 seq. eed 

bacterial multiplication and, 261 

seq. 

City planning; demand, future and, 
516 se 

Claremore, Okla. ; filtration, 135 


Clarinda, Ta.; filtration, 128 
Clarksburg, W. Va.; filtration, 140 
Clarksville, Tenn.; filtration, 138 
Cleveland, 0.; brass pipe, 93 
filter sand analysis, 250 
filtration, 134 
goiter, 327 
intake, 476 
typhoid, 63, 66 
Coagulation; ‘acid with alum, 34 
after er pH and, 34 
agitation and 
alumina, pH and, 33 seq., 
121, 442 se 
color oconbens and, 443, 445 seq. 
corrosion and, pH ‘and, 
dosage, 121 
floc; anions and, 443, 445 oo 
nature of, 344, 442'seq. 
sulfate and, 444 seq. 
hydrogen-ion concentration and, 
33 seq., 121, 259, 344, 442 seq. 
iron compounds and; 443 seq. 
pH and, 446 
lime treatment and, 259 
see Aluminium Sulfate; Chemical 
feed; Coagulation basin 
Coagulation basin; design, 34 
Coal; analysis, 51 
: Coatesville, Pa.; purification plant 
data, 136, 142 
Cock; iron, high silicon, and, 31 
see Corporation cock; Curb cock 
_ Coffeyville, Kans. ; filtration, 128 
Cohoes, N. Y.; filtration, 132 
Coke; analysis, 
see Gas and coke plant waste 
- Coleman & Bell; dyes, 539 
Color removal; coagulation and; 443, 
445 se 
and, 446 
_ rapid fine sand filtration and, 591 
Colorado; filtration, 123 seq., 126, 141 
Columbia, Pa. ; purification plant 
data, 136 
Columbia, S. C.; purification plant 
data, 137 
on Columbia, Tenn. ; filtration, 138 
Columbus, Ga.; filtration, 126 
. Columbus, Ind.; filtration, 127 


“SUBJECT 


Columbus, Miss. ; filtration, 130 4 
Columbus, O.; filtration, 134 
softening costs, 415 seq. 
typhoid, 63, 66 
Committee reports; filter sand test- 
ing, 235 seq. 
finance, 153 ve 
testing "materi als, 38 seq. 
ang analysis, 107 seq., 343 seq., 
Concord, N. C.; purification plant 
data, 132 
Conerete aggregates; specifications, 


testing of, 50 seq. 
breaking for pipe laying, 576 
cost, 571 
compression test, method, 51 
cutting walls of, "355 
inspection, 51 
reinforcing bars, specifications, 48, 
59 


specimens; preparation of, 50 
securing from structures, 51 
storing, 50 

Condenser tube; Admiralty metal, 
life in salt water, 89 seq. 

packing, specifications, 55 

specifications, various metals, 50 

Congaree River; water quality, 137 


Conneaut, O.; purification plant 
data, 134 

Connecticut; filtration, 123 seq., 
126, 141 


Connelsville, Pa.; purification plant 
data, 136 
Consumption; Ashland, Ky., 378 
Dubuque, Ta., 26 
Evansville, Ind., 372 seq. 


fires, and, 4 
Holland, Mich., 
Ironwood, Mich., 378 
Los Angeles, Cal., 383 art 
Louisville, Ky., 352 


metering and, 147, 372 seq., 378 
New Orleans, 378 
Contract; standard form, committee 


report, 500 
Conway, ’Ark. ; purification plant 
data, 125 
Copper; amount in water, per- 
missible, 100 
determination, 345,347 
water, resistance to, 8200 


see Pipe, copper 
Copper allo 8; analysis, 50 
Copper & Brass Research Associa- 
tion; brass plumbing, 306 

co-operation and, 95 
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copper pipe, 82 
Copper sulphate treatment; copper 
in treated water and, 
Cordova, Ala.; purification plant 
data, 125 
Cornell University ; filter sand analy- 
sis, 250 
Corporation cock; brass, 307 
practice ; 298 
iron services and, 308 
lead services and, 307 
Corpus Christi, Tex.; filtration, 138 
Corrosion ; erosion and, 256 
loss by, annual, 255° 
notes on, 255 seq. 
sodium silicate treatment and, 99 
, 102, 258 seq. 
surrosion and, 256 
see Boiler; Brass; Corrosiveness; 
Electrolysis; Iron; Monel metal; 
Pipe; Services 
Corrosiveness ; acidity and, 102, 256 
seq. 
aeration and, 91 
alkalies and, 102 
alkalinity and, 256, 259, 299 seq. 
aluminium sulfate ‘and, 108 
— chloride and, nitrate and, 
1 


carbon dioxide and, 91, 102, 108, 
109, 256, 299 seq. 
definition, 108 
ferrous carbonate and, 108 
H-ion concentration and, 34, 90, 
109, 255 seq., 447 
iron sulfate and, 108 
lime treatment and, 256 seq. 
magnesium chloride, nitrate and 
sulfate and, 108 
mine water and, 257 seq 
dissolved and, "90, 95, 101 
, 109, 255, 258 
salinity and, 89 seq. 
— ash treatment and, 101, 256 
300 
and, 102 


temperature and, 90, 258 ann, 


see Corrosion 
Corsicana, Tex.; filtration, 138 
Cost ; simplified practice and, 191 
trends, material and labor, 501 
Council Bluffs, Ia. ; filtration, 128 
Covington, Va.; filtration, 139 
Cramerton, N.C; purification plant 
data, 132 
Crane; pipe handling and, 577 
Cresol; chlorination taste and odor 
and, 426 
Ia.; filtration, 128 


Crookston, _ Gitration, 130 
Cross connections; 508 
American Water Works Association 
and, 436, 505 
check’ valves on, unreliability of, 
435 seq., 505 
private, and, 515 


of, 187 
Indiana State Bd. of Health and, 
435 
N. Carolina Section and, 14 seq. 
typhoid and, 14, 434 seq. 
Cudahy, Wis.; chlorination taste 
and odor, 426 
Culpepper, Va.; filtration, 139 
Cumberland, Md.; filtration, 129 
Curb cocks; ’ brass, 307 
bronze valves, 572 
location, 299 ne 
practice, 299 
Cushing, Okla. ; filtration, 135 
Cynthiana, Ky.; filtration, 128 


Dallas, Tex. ; filtration, 138 
typhoid, 64, 66 
— Ill.; see Interstate Water 


Danville, Ky.; filtration, 128 
Danville, Pa; : purification plant 
data, 136 
Danville, Va.; filtration, 139 
Danville State Hospital ; purifica- 
tion plant data, 136 
Davenport Water Co.; filtration, 128 
hydrants, valves on, 566 
pressure, 308 
services, 307 seq 
David (A. ) Chemical Co.; dyes, 536 
Dayton, O.; main failures, 322 seq. 
typhoid, 63, 66 
Daytona, Fla. ; softening costs, = 
seq. 
Deaeration; see Oxygen removal 
Dearborn, Mich.; filtration, 130 eek 
Decatur, Ill. ; purification plant data, 
9 


Dechlorination; chlorophenol tastes 
and, 424 

Decorah, Ia. ; Diesel engine drive, 200 

Defiance, 0.; purification plant 
data, 134 

Degasification; see Oxygen removal 

Delaval Steam Turbine Co.; ; pump 
installations, 371, 380 

Delaware, O. ; - purification plant data, 
134 

Delaware State; filtration, 123 seq., 
126, 141 
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134 
Colo. ; 
: data, 126, 141 
typhoid, 65 seq. 
va Depreciation; allowing for, 221 
- Des Moines, Ia.; pumping station, 


290 seq. 
typhoid, 64, 66 Sr 
water works; 163 
beautification, 289 seq. a 
Des Moines Water Co.; purchase by 
= city, 289 
Detroit, Mich.; filter analysis, 


purification plant 


250° it} 


pitometer survey, 453 seq. 

typhoid, 63, 66 

Digestive Ferments Co.; brilliant 

green medium and, 539 seq. 
Dimethy] aniline; free carbon dioxide 

determination and, 344 

_ Disease, intestinal; bathing beach 
pollution and, 579 

chlorophenol tastes and, 335 

cross connections and, 434 seq. 

ice and, 579 seq. 

Dysentery; Typhoid 

_ Distribution system; design, 339 seq. 

earthquake and, 501 

extensions, city limits and, 499 

fire protection and, 510 seq. 

head loss and, 228° 

= spacing, 231, 339, 513 seq., 
5 


water velocity, permissible, 229 

see Mains 

District of Columbia; filtration, 124, 

141 

iss Diven (J. M.) Memorial Medal; rules 

ae | of award, 499 seq. 

Re Dodgeville, Wis. ; Diesel engine drive, 

200, 204 

Dover, H.; filtration, 142 

Drain ‘tile; testing, 51 

Du; prefix Du neglected for indexing 

Dubuque, Ia.; air lift plant, 23 seq. 

consumption, 26 

Dunn, N.C.; purification plant data, 
132 


data 132 
Dye Stuffs Laboratory Co. ; dyes, 536 
Dyersburg, Tenn. ; filtration, 138 
Dyes; for culture media; 267 seq.; 
346 seq., 535 seq. 
standardization, need of, 271 seq. 


Dysentery; « 
W. Va. 
see Disease, intestinal 
8. C. ; purification plant data, 
137 


East Bay Municipal Utility District; 
water supply project, 504 

East Bay Water Co.; purification 
plant data, 125 

East Chicago, Ind.; filtration, 127 

East Fairmont, W. filtration 
plant; cost, "332 

typhoid, 332” 

East Grand Forks, Minn. ; filtration, 
130 

East Greenwich, R. I.; 
plant data, 137 

East Liverpool, O.; filtration, 134 

East Portsmouth, O.; filtration, 134 

Providence, R. ; brass pipe, 


; purification 


purification plant data, 137 
East St. Louis, Ill. - purification plant 
data, 127 
East Youngstown, O. ; filtration data, 
1 


Eastman Kodak Co. ; filter sand data, 
581 
rapid fine sand filtration, 582, 591 


seq. 
Eimer and Amend; sieves, 237, 250 
Ejector; iron, high silicon, and, 31 
El Centro, Cal. ; rapid fine sand filtra- 
tion, 583, 591 seq. 
Elberton, Ga.; filtration, 126 
Eldorado, Kans.; filtration, 128 
Electric power; cost, relative, 211 
seq., 232 
Electric welding; see Welding 
Electric Welding Co., of America; 
pipe repair, New York, 551 seq. 
Electric wiring; code, 54 
grounding to plumbing, danger of, 
472 seq. 
Electrolysis; brass pipe and; 97 seq. 
fittings, composition and, 92 seq. 
committee report, 504 
copper pipe and, 88,) seq. 
Elgin, purification plant data, 
12 


Elizabeth, aan purification plant 
data, 

Elizabeth City, N. C.; purification 
plant data, 132 

Elizabethtown’ Water Co., 
purification plant data, 131 

Elkhorn, Wis.; Diesel engine drive, 

, 20 


Elkins,’ W. Va.; filtration, 140, 334 
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Denison, Tex.; filtration, 138 
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Elmira, N. Y.; filtration, 132 

Elwood City, Pa.; purification plant 
data, 136 

Ely, Minn. ; filtration, 130 

Elyria, O.; purification plant data, 


‘ 134 
. Emergency service; New York and, 
523 seq. 
1 Empire Chemical Co.; dyes, 536 
Emporia, Kans. : filtration, 128 
7 Engine, Diesel ; advantages as source 
of power, 210 
belted connections and, 204 
cooling system, 205 ba 
depreciation, 220 seq. 
design, 202 seq. 
, efficiency; age and, 221 
thermal, 210. 
{ fuel; benzol, toluol and xylol as, 
209 


consumption, 210 
lubricating system, 203 ‘ 
maintenance costs, 222 : 
operation; labor and, 217 seq. is 
theory, 202 seq. 
pumping station drive; 199 seq. 
cost, relative, 211 seq. 
reliability, 223 seq. 
Engine, gasoline ; standby drive, rela- 
tive cost, 232 seq. 
Engine, oil; standby drive, relative 
cost, 232 seq. 
Engine, steam; efficiency; cylinder 
size and, "202 
thermal, 210 
see Steam power 
England; corrosiveness, 
ment and, 256 
plumbing, copper, 88 
Enoree River; water quality, 138 
Eosine; B. coli inhibition and, 270 
tests of for eosine methylene ’blue 
agar, 267 seq., 536 
Eosine methylene blue agar; B. coli 
inhibition and, 267 seq. 
dyes for, study of, 267 seq., 536 
study of, 345, 347 
Erie, Pa. ; flushometers, 462 
pitometer survey, 453 
purification plant data, 136 
Ernest, Pa.; purification plant data, 
136 


lime treat- 


Erosion; corrosion by, 256 
Escanaba Mich.; filtration, 130 
Esopus Creek; water quality, 527 
Eugene, Ore. ; filtration, 135 
Eureka, Cal.; ‘purification plant data, 
125 
Evanston, IIL; 
metering, 163 


filtration, 127, 163 


SUBJECT INDEX 


Fairbanks, 


Evansville, Ind.; 
seq. 
Siltration, 127, 372 
fire protection rating, 373 ce 


; consumption, 372 


metering, 371 seq. 

rates, 372 seq. 

water works, description, 371 seq. wy 
Eveleth, Minn. ; filtration, 130 
ie Pa.; purification plant data, 


Excavation; see Pavement; Trench 7 
Excelsior Springs, Mo.; purification 
plant data, 130 


Morse & Co.; pumping © 
machinery, 199 7 
Fairfax, Ala.; purification plantdata, 
125° 
Fairfield, Ia. ; filtration, 128 
Fairmont, W. Va.; chlorination; 332 
taste and odor and, 335 
filtration, 140 di 
water supp! problem, 332 
Fall River, Mass.; typhoid, 60 seq., = 
66 


Fargo, N. Dak.; filtration, 133 
Fayetteville, Ark.; Diesel engine 
pumping plant, 219 
purification plant data, 125 po 
C. purification plant 

data, 132 rt 
Fencing; woven-wire, specifications, 
59 


Ferric chloride; floc, study of, 445 seq. 
Ferric sulfate; floc, ‘study of, "445 seq. 
Ferrous carbonate; corrosion and, 108 


Ferrous sulfate; analysis, 45 
floc, study of, 445 seq. 
Fieldale, Va. ; filtration, 139 Pe 
Filter; experimental, laboratory, 505 
seq. 


Filter alum; see Aluminium sulfate 
Filter gravel; acid soluble content, 
significance, 246 seq. At 
characteristics, desirable, 248 
Filter sand; acid soluble content; — 
importance, 246 
permissible 246 
analysis; acid test, 246 seq. 7 ; 
camera lucida drawings, 249 
coatings, examination of, 249 A 
committee report 235, seq. _¥ 
drying methods, 236 seq. 
filtering qualities, determining, 


595 seq. 
‘fine ratio,’ 245 
ignition loss, 248 


mechanical ; ‘results; comparison 
of, by different 
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expression of, 244 seq. 
sieves; 237 seq. 
ae shaking, methods, 243 
seq. 


microscopic examination, 249 
organic matter, 248 seq. 
sampling, 235 seq. 
size, etermination, 
scopically, 249 
effective size, value of, 244 
incrustation, ’ gelatinous, Blaisdell 
washing and, 594 
organic content, permissible, 248 
uniformity coefficient, value of, 244 
Filtration; bacteria, multiplication 
following, 506 
census, 1924, 123 seq. 
charcoal, corrosion and, 101 
Evansville, Ill., plant, 163 
oe 32 seq. 
pringfield, Ill., plant, 163 
Filtration, rapid fine sand; see Filtra- 
tion, slow sand 
Filtration, rapid sand; census, 1924, 
123 seq. 
clogging, anticipating, 249 
cost, initial, Louisville. Ky., 355 
efficiency bacterial, 587 
Evansville plant, 372 
mud balls, composition, 420 seq. 
operation ‘a8 “‘speed’”’ beds, 356 
rate controllers, 354 
Louisville, Ky., 352 


micro- 


"cracking, anticipating, 249 
effective size and uniformity 
coefficient, value, 244 
microscopical examination, 
value, 249 
Smith system, 332 
valves, electrically operated, 354 
wash; high, vs. air and 
water 
trough 70, 353 seq. 
water, measurement of, 35 
water re uired ; 588 


troug height and, 353 seq. 
Filtration, slow sand; census, 1924, 
124, 141 seq. 
efficiency, bacterial ; 587 


sand fineness and, 597 
rapid fine sand filtration; 581 seq. 
color removal, 
construction 592 
efficiency, 587 
manganese removal, 595 
taste and odor removal, 591 
washing; Blaisdell system, 593 
seq. 
‘reverse flow, 586 
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water required, 588 
sand; coating, gelatinous, removal, 
504. 


fineness, efficiency and, 597 
placing, wet vs. dry, 582 seq. 
taste and odor, rate and oxygen 
and, 459 seq. 
washing; Blaisdell system ; 593 seq. 
cost, 594 
reverse flow, 586 seq. 
Financing; bond i issues, 340 seq. 
revenue, increasing by checking 
meters, 455 seq 
surplus, sheetatlen by other de- 
partments, 499 
see Accounting; Billing; Rates 
Fir; specifications, 52 
Fire engine; 340 
flow required, 512 seq. 
pressure required, 519 seq. 
Fire fighting; water consumption 
and, 456 
Fire hazard ; electric wiring, codeand, 


Fire hose ; coupling threads, specifica- 
tions, 
jet, standard, discharge rate, 229 
specifications and testing, 52’ 
Fire hydrant; demonstration, 525 
freezing of, 508 
inspection, "fre uency, 523 
repair; cost, valves on and, 566 
promptness, 523 
spacing, 512, seq. 
use, restriction of, 505 arly 
valves on; 503, 565 
distribution’ system valves an¢ 
567 seq. 
Fire insurance rates; sprinklers sye- 
tems, and 230 i 
water supply and, 3 
Fire loss; Ontario and, 230 
pressure, failure to raise, liability 
for, 505 
Fire prevention; demonstration, 525 
taxation and, 230 seq. 
Fire protection; American Water 
Works Association and, 501 seq. 
business aspect, 502 
distribution system and; 510 seq. 
main; and, 510, 521 


seq. 
size and, 229 seq. 
duplication and, 522 seq. 
emergency service, 523 seq. 
metering and, 373 
motor pumpers and; 340, 512 seq., 
519 seq 

pressure rend; 229, 339 seq., 511 

seq. 


é 
= 
‘ 
= 
ran) 
i 
4 


high, systems, 516 
increase, main failures and leak- 
age and, 519 seq. 
motor pumpers and, 519 seq. 
National Bd. of Fire Geme- 
writers, and 520 seq. 
pumping station and, 510 seq. 
future, determining, 
16 seq. 
storage and, 509 seq. 
taxation and, 230 
water supply for, 509 seq. 
Fire protection, private; dual con- 
nections and, 515 seq. 
services; bonds for, 505 


charges, 505, 514 seq. 
metering of, 505 ay 
size, 505, 515 


valves, automatic, and, 515 — 
see Sprinkler system 
Flat Rock, Mich. ; filtration, 130 
Flax; see Packing 
Flint, Mich.; filtration, 130 
Florence, Ala.; purification plant 
data, 125 
Florida; filtration, 123, 126 
Flow ; in open bodies, reverse in direc- 
tion, wind and, 
in pipes, measurement by codrdi- 
nate method, 68 seq. 
see Water measuring devices 
Flushometer; see Water closet, 
flushometer 
Folin and Denis reagent; phenol 
detection and, 349 seq. 
Fond du Lac, Wis. ; Diesel engine 
drive, 200, 204 
Food ; hard water and, 408 
Fordson tractor; pump drive, 448 
Forgings; steel, specifications, 48 
Fort Collins, Colo.; filtration, 141 
Fort Madison, [a.; filtration, 128 
Fort Sheridan, III. ; purification plant 
data, 127 


Fort Smith, Ark.; purification plant 


data, 125 

Fort Worth, Tex.; filtration; 138 
mud balls, composition, 420 seq. 

typhoid, 64, 66 

Frankfort, Ky.; filtration, 128 

>a. ; purification plant data, 
136 

Freeport, Ill; purification plant data, 
127 


Freeport, Pa.; purification plant 
ata, 136 


Front Royal Va.; filtration, 139 


Fuller and McClintock; filter sand 
analysis, 250 
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Gadsden, Ala.; purification 
data, 125 
Gaffney, 8. C.; purification plant 
data, 137 
Gallipolis, O.; pumping plant, Diesel 
drive, 218 
Galva, Ill.; Diesel engine drive, 200, 
203 seq. 
Galvanic action ; see Electrolysis 
Galvanizing; specifications, 53 
see Zine coating 
Gardner, Me.; filtration, 141 
Gary, Heat, Light & Water Co.; 
meters, 456, 469 
services, 469 
Gas and Coke Works’ Waste; chlori- 
nation taste and odor and, 426 
treatment, by mixing with sewage, 
430, 432 seq. 
see Phenol 
Gaskets; asbestos, specifications, 54 
Gasoline; specifications, 53 
testing, methods, 54 
Gastonia, N. C.; chemical feed, dry, 
36 seq. 
purification plant data, 132 7 
Genesee River; turbidity, 593 5 
Geneva, N. Y.; filtration, 142 
Gentian violet; see B. coli test 
Georgetown, 8. C.; purification plant 
ata, 142 
Georgia; filtration, 123, 126 
Gettysburg, Pa.; purification plant 
ata, 136 
Gillespie, IIl.; 
data, 127 
Glendive, Mont.; filtration, 131 
Glenville, W. Va. ; filtration, 140 
Gloucester, N. J.; purification plant 
data, 131 
Goiter; chocolate-iodide tablets, and, 
329 


hardness and, 408 
iodide treatment and, 325 seq. 
iodine occurrence and, 325 seq. 
iodized salt and, 330 
see Sodium iodide treatment 
Goose Creek; water quality, 137 
Grand Forks, N. Dak. ; filtration, 133 
Grand Rapids, Mich.; purification 
plant data, 130 
softening costs, 415 seq. 
typhoid, 63, 66 
Gravel; see Concrete; Filter gravel 
Great Central Valley, Cal.; water 
resources, 313 
Great Falls, Mont.; filtration, 131 
Great Falls, S. C.; purification plant 
data, 138 


plant 


purification plant 
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Great Lakes, IIl.; purification plant 
data, 127 
Great Lakes Region; goiter preva- 
lence, 325 
Greeley, Colo.; filtration, 141 
Green Island, N. Y.; filtration, 132 
Green River, Wyo.; filtration, 141 
Greenfield, Mass.; filtration, 141 
Greensboro, N. C.; coagulation, 34 
purification plant data, 132 
Greenville, N. C.; purification plant 
data, 132 
Greenville, O.; purification plant 
data, 134 
Greenville, Pa.; purification plant 
data, 136 
Greenville, 8. C.; purification plant 
data, 138 
Greenville, Tenn. ; filtration, 138 
Greenwich, Conn.; filtration, 126 
Griffin, Ga.; flushometers, 464 
Be plumbing regulations, 471 
services, 471 seq. 
Griibler; dyes, 267 seq., 536 
Gulick-Henderson; filter sand analy- 


sis, 250 
see Sea gulls 

Gun-metal; analysis, 50 
specifications, 49 

- Guthrie, Okla.; filtration, 135 

_ Gypsum; and products, specifica- 
tions, 53 


Hackensack Water Co.; brass pipe, 
105 seq. 
purification plant data, 131 
services, 105 
Hagerstown, Md.; filtration, 129 
Hamilton, Ill.; purification plant 
in data, 127 
Hamlet, N. C.; purification plant 
data, 132 
Hannibal, Mo.; autoclave, 357 seq. 
filtration, 130 
Hardness; boiler corrosion and, 408 
seq. 
determination ; carbonate, 110 seq., 
121 
non-carbonate, 110 seq. 
fabrics, life of, and, 408 
filter gravel and, 247 
food value and taste and, 408 
health and, 120, 408 
leather manufacture and, 418 
paper manufacture and, 417 
soap waste and, 408 ae 
taste and, 408, 410 seq. a 
textile industry and, 417 seq. _ 
scouring and, 417 
Harmer Laboratories Co 


Harrisburg, Pa.; purification plant 
data, 136 
Harrodsburg, Ky.; filtration, 128 
Hartford Conn.; filtration, 141 
typhoid, 60 seq., 
Hartman-Leddon 
Harvard University; 
analysis, 250 
Havre de Grace; filtration, 129 
Hazen and Whipple; filter sand analy- 
sis, 250 
Health; hardness and, 120, 408 
mineral content and, 120 
see Disease, intestinal; Dysentery; 
Goiter; Illness; Typhoid 
Heller & Merz Co.; dyes, 536 
Henderson, Ky.; filtration, 128 
Henderson, N. C.; purification plant 
data, 132 
Henryetta, Okla.; filtration, 135 
Herington, Kans.; filtration, 128 
—_— Ill.; purification plant data, 
1 
Hershey, Pa. ; purification plant data, 
136 


66 
Co.; dyes, 536 
filter sand 


Hickory, N. C.; purification plant 
data, 133 
High Point, N. C.; purification plant 
data, 133 
Highland Park, Mich.; coagulation 
experiments, 33 seq. 
filtration, 130 


Hinsdale, Ill.; purification plant 
data, 127 3 
softening; 163 


costs, 415 seq. Saf 
Hinton, W. Va.; filtration, 140 
Hobart, Okla.; filtration, 135 
Hogsland, Pa.; purification plant 


data, 136 
Holland, Mich.; concrete wells, 17 ': 
seq. 


consumption; metering, 17 a 
Holly; pump installation, 371, 376 a 
Holt; trench backfiller, 576 
Holyoke, Mass.; plumbing, electric 

wiring and, 473 
services, 470 seq. 


Hopeville, Va.; filtration, 139 - 
Hornell, N. Y.; filtration, 132 4 
Horton, Kans.; filtration, 128 iq 
Hose; specifications, 52 S 
see Fire hose 3 
Hot Springs, Ark.; purification plant es 
data, 125 


Hot water installation; corrosion, 
sodium silicate treatment and, 
102 

pipe; brass; expansion and, 84 

failure of, 89, 91 
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copper, corrosion and, 100 
iron, corrosion and, 83 seq. 
size, brass and i iron and, 83 seq. 
range ’boilers, storage and expan- 
sion tanks, specifications, 59 
Houma, La.; filtration, 128 
Houston, Tex.; phoid _ 66 
Howard and rse sieves; 
characteristics, 237 yp 250 
shaker, 243 
Hudson, N. Y., filtration, 142 
Hummelstown, Pa. ; purification 
plant data, 136 
we Camp, Va.; filtration, 
139 


Huntington, W. Va.; filtration, 140 
Huntingtown, Pa.; purification plant 
ata, 1 
Huron, O. ; filtration, 134 
Huron, 8. ’ Dak. ; filtration, 138 
Huron Lake; iodine content, 328 
Hyattsville, Md.; see Washington 
Suburban Sanitary District 
Hydrant; see Fire hydrant 
Hydrochloric acid; iron, high silicon, 
and, 31 
Hydrogen- ion concentration; chlo- 
rides and, 396 
chlorine determination and; o-tol- 
idin, 388 seq 
starch- iodide, 397 seq. 
chlorine-water equilibrium and, 


coagulation and, 33 seq., 121, 259, 
344, 442 seq. 

corrosiveness and, 34, 90, 109, 255 
seq., 447 


determination, 344, 346 
lime treatment and, 256, 259 
limit, maximum desirable, 121 
soda ash treatment and, 256 
sulfate and, 396 
see Acidity; Alkalinity 
Hypochlorite; see Calcium hypo- 
chlorite 


Ice; bacterial content; typhoid and, 
579 seq. 


_ Idaho; filtration, 123, 126 


Illinois; filtration, 123, 126 seq. 
Section, meeting 162 seq 
State Dept. of Health, filter sand 
analysis, 250 
State Water Survey, filter sand 
analysis, 250 
Water Treatment Plant Operators 
Conference, 162 
Illness; see Disease, intestinal; 
; Goiter; Health; Ty- 


INDEX| 


Incrustants; definition, 108 

cana Pa. ; purification plant data, 
13 

Indiana State; filtration, 123 seq., 
127, 141 

Indiana State Bd. of Health; cross 
connections and, 435 

sae" Ind.; plumbing, 316 


63, 65 seq. 
anapolis W ater Co.; colon group 
study and, 544 seq. 


filtration, 141 
hydrants, valves on, 566 


p umbing, 318 seq. ‘Fh 
Industrial waste treatment; phenol- _ 
containing, by mixing with 

sewage, 430, 432 seq. 
Ingersoll- Rand: compressor, 577 
Intake; cleaning with ice, 452 
Interstate Water Co.; purification 
plant data, 127 
Iodine; goiter and, 325 seq. 
occurrence in water, in Michigan, 
327 seq. 
see Sodium iodide treatment 
Iodine titration; iron and, 398 
Iodine treatment; see Sodium iodide 
treatment 
a see Sodium iodide treat- 


lodized salt goiter and, 330 


Iowa; filtration, 123, 128 eli 
Iowa City, Ia. ; filtration, 128 
Iowa Section; meeting, 162 seq. * 


Iron; analysis, 49 
cast; corrosion; acid and, 257 
composition and, 29 seq. 
silicon, high; corrosion, resist- 
: ance to, 29 se 
red cutting and wel ing, 29 
inal use in water works, 29 seq. 


specifications, 49 
welding, strength and, 552, 558 
corrosion; 82 
alkaline water and, 256 
sulfuric acid and, 256 seq. 
theory and fundamentals of, 255 
determination ; in alum, 39 
in bauxite, 40 seq. 
in iron sulfate, 45 
Reinhart Zimmerman method, 41 
in water, 113 
iodine titration and, 398 
sampling, 49 
silicides, 29 
sulfate; ‘coagulation and, pH and, 
445 seq 
corrosiveness and, 108 
in water; bleaching’ and, 417 
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seq. 
eombinations, 108 
oxygen dissolved determination 
and, 398 
ss paper ’ manufacture and, 417 
removal ; 508 
air lift and, 341 

softening and; base exchange, 

41 


lime-soda, 418 
textile industry and, 417 seq. 
wrought, specifications, 48 
see Ferric chloride; Ferric sulfate; 
Ferrous carbonate; Ferrous sul- 
fate; Pipe, iron 
Iron Mountain, Mich.; filtration, 130 
goiter prevalence, 326 seq. 
sodium iodide treatment, 326 
Ironton, O.; filtration, 134 
Ironwood, Mich.; metering and con- 
sumption, 378 
Irrigation; in California, 309 seq. 
Ithaca, N. Y.; filtration, 132 


Jackson, Ga.; filtration, 126 
Jackson, Miss. ; filtration, 130 
Jacksonville, Ill.; purification plant 
data, 127 
Jacksonville, Tex. ; filtration, 138 
er, Ind.; filtration, 127 
intown Pa; purification plant 
data, 136 
Jersey City ; typhoid, 61, 66 
Jersey Shore, Pa.; purification plant 


data, 136 

Johnsonbury, Pa.; purification plant 
data, 136 

Johnston City, Ill. ; purification plant 
data, 127 


Joliet ; ground water level, recession, 
342 


Jonesboro, Kans.; 
on, 565 
meters, 466 seq. 
plumbing regulations, 466 
services, 466 seq 
Jonesborough; works history, 
1 seq. 
metering, 9 
Jonestown, Pa.; purification plant 
data, 136 
Joplin, Mo.; filtration, 130 


; hydrants, valves 


Kalamazoo, Mich.; hydrants, valves 
on, 
plumbing, electric wiring and, 473 
services, 
Kanawha City, We Vas 


filtration, 
140 


Kankakee, Ill.; purification plant 
data, 127 
Kansas; filtration, 123, 128 
Kansas City, Kans.; filtration 128 
typhoid, 64, 66 


Kansas City, Mo.; typhoid, 64 

Kelly Well Co. -Hollan "Mich. 
and, 18 se 

Kelso, Wash. ; filtration, 140 

Kennebunk Me.; filtration, 129 

Kenosha, Wis. ; : ’ purification plant 
data, 140 


Kentucky; filtration, 123, 128 
Keokuk, Ia.; filtration, 128 
Kerosene; specifications 53 
Keyser, W. Va.; filtration, 140, 334 
Kingsford, Mich.; filtration, 130 
Kingsport, Tenn. ; purification plant 
data, 138 
Kingston, N. Y.; filtration, 132 
Kinnickinnic River; pollution; 423 
flushing with lake water and, 431 
seq., 477 
Kirksville, Mo.; filtration, 130 
Kirkwood, Mo.; : purification plant 
data, 130 
Kittanning, Pa.; purification plant 
data, 136 
Knoxville, Tenn. ; filtration, 138 
hydrants, valves on, 566 


La Grange, Ga.; filtration, 126 

La Porte, Ind. ; ‘Diesel engine pump 
drive, 200 seq 

Labor; price teens, 501, 532 

Laidlow-Dunn-Gordon; compressor, 
380 

Lake ee Sand Co.; sand data, 
581 


Lancaster, Pa.; purification plant 
data, 

L —_ Ala. ; purification plant data, 
12% 


Lansing, Mich.; water supply ex- 
tension, 341 seq. 

Laredo, Tex. ; filtration, 138 

Lath; metal, ’specifications 59 

Latrobe, Pa. ’- purification plant data, 


Laundry; hard water and fabrics, 
408 


Laurens, S. C.; purification plant 
data, 138 
Laurinburg, N. C.; purification plant 
data, 133 
Law; cross connections and, in 
Indiana, 435 
fire loss, pressure and, liability 
and, 505 
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mine water pollution, Melcroft 
case, 504 
reservoir pollution, sea gulls and, 
in N. Y., 529 
Lawrence, ree ; purification plant 
data, 128 


Lawrence, Mass. ; filtration, 141, 597 
; Lawrenceville, I1l.; purification plant 
data, 127 

Lawton, Okla. ; filtration, 135 

Lead; determination, 345, 347 

solvency; alkalinity and carbon 


dioxide and, 300 
soda ash treatment and, 300 
Lead alloys; analysis, 50 
Lend lead services and; 


tin-lined and, 300 seq. 
Leadite; see Pipe joint materials 
Leakage ;servicesin trench withsewer 
and 4 
see Waste 
Lexington, N. C.; purification plant 
data, 133 
Lexington Water Co.; filtration, 128 
fire protection, 520 
hydrants, valve on, 567 “hie 
Lighting; code, 54 ony 
Lima, O.; filtration, 134 Saat 
Lime; analysis, 43 seq. 
specifications, 53 
Lime treatment; 


coagulation and, 


corrosiveness and, 256, 259 

pH and, 256, 259 
Little Rock, Ark.; ; purification plant 

data, 125 

Livingston, Mont.; filtration, 131 
Llion, N. Y.; filtration, 142 
Logan, W. Va.; filtration, 140, 334 
Logansport, Ind.; filtration, 127 
Longview, Tex.: filtration, 138 


data, 140 
Lorain, O.; purification plant data, 
134 


Los Angeles, Cal.; consumption, 383 
pumping, 380 seq. 
services, 569 seq. 
trenching, mechanical equipment, 
575 seq. 
typhoid, 65 seq. 
water supply, 379 seq. 
Louisburg, KC .} purification plant 
ea data, 133 
foes Louisiana, Mo.; filtration, 130 
‘ Louisiana. State; filtration 123, 128 


seq. 
Louisville, Ky.; consumption, 
filter sand analysis, 250 
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Longview, Wash. ; purification 


filtration, 128, 352 seq. 
typhoid, 64 seq 
Loveland, Colo. ; 141 
Lowell, Mass, ; : filtration, 141 
t phoid, 61, 66 
Lubricant; : specifications, 51, 54 
testing; 
specific gravity, 51 
Luke, Md.; filtration, 129 7 
Lumber; 8 pecifications, 59 
see Timber 
mer N. C.; purification plant 
data, 1 
1, 8. C.; purification plant data, 
1 


McAlester, Okla.; filtration, 135 ae 


McDonald, Pa.; purification plant 
data, 136 
McKeesport, Pa.; mine water, cor- 
rosion and, 257 
purification plant data, 136 * 
softening costs, 415 seq. is 
Macomb, III.; purification plant data, 
127 
Macon, Ga.; filtration, 126 
Madill, Okla.; pumping plant, Diesel, 
218 
Madison, Wis.; softening, report, 406 
seq. 
Magnesium; chloride, corrosiveness 
and, 108 
determination; in lime, 44 
in water, 110, 113 ae 
nitrate, corrosiveness and, 108 
sulfate, corrosiveness and, 108 
Main; duplication, 522 
_ failure ; 322 seq. 
air pockets and, 324 
causes of, 560 seq. 
emergency service and, 523 seq. “ta 
fire pressure and, 519 seq. J 
iron, high silicon, ‘and, 31 
records, 231 
= loss of head and, 229 seq., 339 
g for services, 298 
see Distribution system; Pipe 
Maine; filtration, 123 seq., 129, i141 
Mammouth Water Co.; purification 
plant data, 131 
Mandelin’ sreagent; ; phenols and, 350 
Manganese; chlorine determination 
and, 384, 393, 398, 402 . 
removal, filtration, and 595 
softening and, 418 seq. 
Manganous sulfate; solution, per- — 
manency, 398 


Lynchburg, Va.; filtration, 139 
Lynden, Wash. ; "filtration, 140 
Lyons, N. Y.; filtration, 132 
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Manhattan, Kans.; purification plant 


data, 128 
Manhattan, N. Y.; emergency service 
523 seq. 
see New York City 


Marblehead, Mass.; filtration, 141 
Marietta, 0); ; purification plant ‘data, 
134 


Marinette, Wis.; purification plant 
data, 140 
Marion, Ill.; purification plant data, 
7 


Marion, O.; Diesel engine drive, 200 
Marlin, Tex.; filtration, 139 
Maryland; filtration, 123, 129 
Marysville, Kans. ; filtration, 128 
Massachusetts; filtration, 123 seq., 
129, 141 
Institute of Technology, filter sand 
analysis, 250 
State Bd. of Health, filter sand 
analysis, 250 seq 
‘Seastone; ‘Dubuque plant 


Mouse Md. ; filtration, 129 

Mechanicsburg, Pa. ’ -purification plant 
data, 136 

Mechanicville, N. Y.; filtration, 142 

Media, Pa.; purification plant data, 
136 

Medina, O.; filtration, 134 

Melcroft Coal Co.; mine waste pollu- 
tion case, 504 

Memphis, Tenn.; purification plant 
data, 138 

typhoid, 64, 66 
Menominee, Mich. ; filtration, 130 
Mennssinee River; pollution, 423, 431 


Merchantville Water Co.; purifica- 
tion plant data, 131 

Meridian, Miss.; filtration, 130 

Merrill, Wis.; purification plant data, 
140 


Metal; testing; tension and compres- 
sion; Brinell hardness, 53 
Metcalf and Eddy; filter sand 
analysis, 250 
Meteorological records; water supply 
control and, 185 
Meter; accuracy; checking, 454 seq. 
size and, 454, 457 Pete 
committee report, 500 mal 
compound; accuracy,475 


turbidity and, 451 


under-registration and, 457 
cost, 148 
depreciation rate, 148 
grease enclosed gear train type, 574 
charge, 466 
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practice, 466, 468 igi 
location, 299 seq., 468 Ee ke 
maintenance; costs, 574 

methods, 573 seq. 


multiple 474, 574 


Ohio River water and, 372 

registration; negative, 451 ¢ 
over-, 573 seq. qa 
under-, 377, 457 


repair; bypassing and, 474 seq. 


cost, 377 
size; accuracy and, 454, 457 
multiple installations and, 474, 
574 
practice re, 454 
rates and, 457, 462 seq., 465 
testing; 377 
Mueller apparatus, 574 
turbidity and, 451 
Meter reading; ’508 
practice, 469 
Metering; ’Ashland, Ky., 378 
consumption and, 147, 372 seq., 
378 
cost, 373 
economic aspects, 147 seq. 
Evansville, Ind., ‘and, 163, 372 seq. 
fire protection and, 373 
Holland, Mich., and, 17 
Ironwood, Mich., and, 378 
Jonesboro, Ark., and, 467 
New Orleans, La., 378 
Stockton, Cal., and, 573 
Methy] red; alkalinity determination 


and, 346 
Methylene blue; B. coli inhibition 
and, 267, 270 seq. 
dye content, American and 
Griibler, 271 
eosine methylene blue agar and, 
267 seq., 536 
solution, saturated aqueous, prep- 
aration, 268 seq. 
Michigan; filtration, 123, 129 seq. 
goiter prevalence, 326 
iodine distribution, in water, 327 
seq. 
iodization in, 325 seq. 
iodized salt ‘and, 330 
Lake; chlorophenol tastes and 
423 seq. 
currents and, 429 
iodine content, 328 
State Board of Health; filter sand 
analysis, 248, 250 
iodine occurrence and goiter, 325 
seq. 
Microscopic examination; committee 
report, 345, 347 
standard v volume and, 345, 347 
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Microscopic organisms; taste and 
chlorination and, 530 

see Algae 
Middleboro, Mass.; filtration, 141 
Middlesex Water Co.; purification 

plant data, 131 
Middletown, N. Y.; filtration, 132 
Middletown, Pa.; purification plant 
data, 136 
Midland, Pa.; 
data, 136 
Miles City, Mont.; filtration, 131 
Millon’s reagent; phenols and, 348 
Millville, N. J.; purification plant 
data, 131 
Milwaukee, Wis. ; chlorophenol tastes 
and, 423 seq. 

hydrants, valves on, 565 seq. 

intake tunnel, 476 

pumping station grounds, school 

buildings and, 563 seq. 
sewage disposal, 423 
typhoid, 63, 66 
Milwaukee Gas Light Co.; waste, 
pollution and, 431 seq. 

Milwaukee River; pollution; 423 seq. 

flushing with lake water and, 431 

seq., 477 

Milwaukee Sewerage Commission; 
phenol wastes and activated 
sludge, 433 

Mine waste; pollution and; corrosion 
and, 256 seq. 

Melcroft Coal Co., case, 504 
Mineral matter; health and, 120 
Minneapolis, Minn. ; filter sand analy- 

sis, 250 
filtration, 130 
typhoid, 64, 66 om 

Minnesota; filtration, 

stream classification and, 580 3 

water supply source and, 578 
Minot, N. Dak.; filtration, 133 
Mississippi; filtration, 123, 130 
Missouri; filtration, 123, 130 seq. 
Moberly, Mo.; filtration, 130 
Moline, Ill.; purification plant data, 

127 

-Moncure, N. C.; purification plant 
data, 133 

Monel metal; corrosion of, 101 

Monona Lake; water quality, 407 

Monongahela City, Pa.; purification 
plant data, 136 

Monroe, Mich.; filtration, 130 

Montana; filtration, 123, 131 

Montgomery, Ala.; purification plant 
data, 125 

Montreal; filtration, rapid fine sand; 

586 seq. 


purification plant 
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washing, Blaisdell system, 595 

Mooresville, N. C.; purification plant 
data, 133 

Morgan City, La.; filtration, 128 

Morgansfield, Ky. ; filtration, 128 

Morgantown, W. Va.; filtration, 140 

Morristown, Tenn.; filtration, 138 

Mount Airy, N. C.; purification plant 
data, 133 

Mount Carmel, Ill. ; purification plant 
data, 127 

Mount Sterling, Ky.; filtration, 128 

Mount Union, Pa.; purification plant 
data, 136 

Mount Vernon, IIl.; purification plant 
data, 127 

Mount Vernon, Ind.; filtration, 127 

Mount Vernon, Wash.; filtration, 140 

Mountain Water Supply Co.; mine 
waste pollution case, 504 

Mueller; meter tester, 574 

Multimetal; sieves for sand analysis, 
237, 250 

Muncie, Ind.; filtration, 127 

Muntz metal; condenser tubes, speci- 
fications, 50 

Murfreesboro, Tenn.; filtration, 138 

Murphysboro, IIl.; purification plant 
data, 127 


Naphthalene; chlorination, taste and, 
426 


Napoleon, O.; filtration, 134 

Nashville, Tenn.; typhoid, 64, 66 

Natchitoches, La.; pumping plant, 
Diesel, 218 

National Aniline & Chemical Co.; 
dyes, 536 

National Association of Fire 
Engineers; joint committee, 505 

National Board of Fire Under- 
writers; 516 

hose coupling specifications and, 


hydrant spacing and, 513 
pressure and, 520 seq. 
National electric code; 54 
National Fire Protection Association; 
hose couplings and, 53 
joint committee, 505 
National Tube Co.; sodium silicate 
treatment and, 258 seq. 
Natrona, Pa. ; purification data, 
136 


Nebraska City, Neb.; filtration, 131 

Nebraska State; filtration, 123, 131 

Neenah, Wis.; Diesel engine drive, 
200, 204 seq. 

Nevada; filtration, 123 

New Albany, Ind.; filtration, 127 
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a — Bedford, Mass.; typhoid, 61, 66 
- water works, school buildings and, 


564 

New Brunswick, N. J.; purification 
plant data, 131 
New Castle, Pa.; purification plant 
data, 136 

Cumberland, Pa.; purification 
a “i plant data, 136 
Hampshire; filtration, 123 seq., 
142 
Conn.; typhoid, 61 seq., 


| New Haven Water Co.; filtration, 141 
New Jersey; filtration, 123, 131 
Kensington, Pa.; .} purification 
ae plant data, 136 

Mexico; filtration, 123 

New Orleans, La. ; filtration, 128 
metering, consumption and, 378 
typhoid 

New York cement specifica- 
tions, 56 


: chlorination; 504 526 seq. 


hydrants, 523 
mains; duplication, 522 
failures, 550 seq., 560 seq. 
welding, 550 seq. 
plumbing; brass pipe and, 93 ice 
corrosion, sodium silicate treat- 
ment and, 99 seq., 102 seq. 
reservoirs, gulls and, 529 
services, 96 
typhoid, 61 seq., 66 
water system, duplication and, 522 
seq. 
watershed protection, 526 seq. 
New York Harbor; condenser tubes 
and; pollution ‘and, 90 
New York State; filtration, 123 seq., 
142 
sea gulls, law and, 529 
Newark, N. J.; typhoid, 61, 66 
Newark, 0.; purification plant data, 
> 134 
Newberry, S. C.; purification plant 
data, 1 
Newman, Ga.; filtration, 126 
New vort, Ark. ; purification plant 
ata, 125 
ae R. I.; purification plant 
data, 137 
Newport. Hydrocarbon Co.; waste, 
chlorination taste and, 427 seq. 
Newport News, Va.; filtration 139 
_ Newton, Mass.; brass pipe and, 93 
Newton, Miss.; ; Pumping plant, 
Diesel, 219 


SUBJECT INDEX 


taste and, 530 
emergency service, 523 seq. 


- North Carolina Section; cross con- 


Newton, N. C.; purification plant, 
data, 133 
Niagara Falls, N. Y.; filtration, 132 
typhoid and cross connections, 
436 seq. 
Niagara River; typhoid, 436 
Nicholasville, Ky.; pumping plant, 
Diesel, 219 
Niles, O.; purification plant data, 134 
Nitrates; see Nitrogen as nitrates 
Nitrite; see Nitrogen as nitrites q 
Nitro, W. Va.; filtration, 140 : 
Nitrogen; determination, status, 344 _ 
Nitrogen as nitrates; determination, 
114 
Nitrogen as nitrite; chlorine deter- __ 
mination and, 384, 392 seq. a 
oxygen dissolved ‘determination 
and, 398 


pollution and, 120 


Norfolk Va.; filtration, 139 
typhoid, 63, 66 a 
Norristown, purification plant 
data, 136 og 


North Carolina; death rate, 144 

filtration, 123, 132 seq. 

hardness, 120 

plumbing and, 143 seq. 

population and property value in- 
crease, 145 

rates, 148 

typhoid and cross connections, 14 


nections and, 14 seq. 

North Carolina State Board of 
Health; bacteriological examina- 
tion and, 121 seq. 

cross connections and, 16 
filter sand analysis, 250 as 

North Dakota; filtration, 123, 1338 2 

North Kansas City, Mo.; purification 
plant data, 130 

North Tarrytown, N. Y.; filtration, 

132 


North Wilkesboro, N.C.; purification _ 
plant data, 133 a 

Northern Water Softener ; 407 

Norwich, N. Y.; filtration, 132 q 

Nowata, Okla.; filtration, 135 

Nut; specifications, 5A 

Nyack, N. Y.; filtration, 142 


“O. & 8.”; crane, 577 
Oakland, Cal.; typhoid, 65 seq. 3 
see East Bay Water Co. 


Oakland, Neb.; pumping plant, 
Diesel, 218 
Oakmont, Pa.; purification plant 
data, 136 


Oberlin, O.; softening costs, 415 seq. 
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Obituaries; Benzenberg, Geo. 
476 seq 
Kirkpatrick, Walter Gill, 149 
Norcross, Paul Howes, 150 seq. 
Odor; removal, air lift and, 341 
see Chlorination; Taste ‘and odor 
Ogdensburg, N. Y.; filtration, 142 
Ohio; filtration, 123, "133 seq. 
River, water, meters and, 372 
State ‘Department of Health, filter 
sand analysis, 250 
Oil, fuel; cost; 217 
future and, 207 seq. 
specifications, 51, 54 
supply, future and, 207 seq. 
Oil, lubricating; cost, 217 
see Lubricants 
Oil, paint sp vifications, 53 
Oklahoma City, Okla. ; ; filtration, 135 
ae State; filtration, 123, 134 


H., 


Okla.; filtration, 135 
Old Town, Me.; filtration, 129 
Omaha, Neb.; typhoid, 64, 66 
Oneonta, N. Y.; filtration, 132 
Ontario; fire loss, 230 
Opelika, Ala.; : purification plant data, 
125 
Oregon; filtration, 123, 135 
Organic matter; boiler foaming and, 
115 
chlorination and, 403 seq. 
chlorine determination and, 390 
seq., 396, 398, 403 seq. 
leather manufacture and, 418 
Orlando, Fla.; filtration, 126 
water and light plant, 163 
Ortho-tolidin; see Water analysis, 
chlorine, free 
Osawatomie, Kans.; filtration, 128 
Oshkosh, Wis.; phenol tastes, 432 
purification plant data, 140 
Oskaloosa, I[a.; filtration, 128 
Ottawa, Kans. ; ; filtration, 128 ¥ 
Ottumwa, Ia. ; filtration, 128 
Owensboro, Ky.; softening costs, 415 


seq. 

Oxgall; bile medium and, 539 
ig see Bacterium coli test 


Oxygen 
status 
Oxygen ae corrosion and, 
90, 95, 101 seq., 109, 255, 258 
determination, 114, 344, 346 
taste and odor and, 460 
_ Oxygen removal; deaeration and, 90 
methods, 258 
Oysters; typhoid and, 62 


determination, 


“P. & H.’’; backfilling machine, 576 


crane, 577 


trenching machine, 575 seq. 
Pacific Gas & Electric Co.; see Stock- 
ton, Cal. 
Packing; specifications, 54 seq. 
Paducah, Ky.; filtration, 128 
Painesville, 0.; purification plant 
data, 134 
Paint; oils for, specifications, 53 
Palestine, Tex.; ‘filtration, 139 
Pana, IIL; purification plant data, 127 
Panama Canal Zone; 46 
Paper manufacture; water quality 
and, 417 
Wyo.; filtration, 141 
Paris, Ill.; filtration, 127 
Paris, Ky.; filtration, 128 vars 
Paris, Tex.; filtration, 139 
Parker House, Boston; brass plumb- 
ing, 82 
Parkersburg, W. Va.; 
332 
Parsons, Kans.; filtration, 128 
Passaic Consolidated Water Co.; 
corrosion experiments, 95 
filtration, 131 
Paterson, N. J.; typhoid, 61, 66 
Pavement; see Concrete 
Pawhuska, Okla.; filtration, 135 
Pawnee, Okla. ; filtration, 135 
Pearse, ‘Greeley and Hansen; 206 
filter sand analysis, 250 
Peekskill, N. Y.; filtration, 142 
Pennsylvania; filtration, 123 seq., 
135 seq., 142 
mine water pollution, 257 
Public Service Commission, ruling 
re services, 87 
Peoria, Ill. ; meters, 377 
Perry, Ia.; Diesel engine drive, 200, 
305 seq. , 218 
Perr Okla’; 135 
Perth’ Amboy, N 3: ; purification 
plant data, 131 
Petersburg, Va.; filtration, 139 
Phenol; detection, bibliography, 348 
seq. 
determination, 344, 346 ms 
sewage and; 428, 430, 432 seq. ts 
— sludge treatment and, 
see Chlorination; Gas and coke 
works’ waste; Taste and odor 
Philadelphia, Pa.; .} corrosion experi- 
ments, 95 
filtration; sand data, 581 
taste and odor and, 459 seq 
purification plant data, 136" 142 
typhoid, 61, 66 
waste, hot weather and, 458 seq. 
‘Phoenixville, Pa.; purification plant: 
data, 136 


water supply, 
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Pine; specifications, 53 
Pipe; cutting, 304 
anges, specifications, 54 
handling, large, equipment for, 


Joints; caulking from inside, 553 
seq. 
thread elimination, 94 
laying, mechanical equipment and, 
575 seq. 
plumbing, requirements, 81 
repair, split sleeves and, 562 
thread, specifications, 53 
see Main; Pipe joint materials; 
Plumbing; Services 
Pipe brass; annealing of, 94, 306 
composition, 93 
corrosion ; 89 seq., 302, 307 
alkalies and, 102 seq. 


phosphate and, 101 
cost, 85 


durability; 82 seq., 90 seq., 99 seq., 

302, 306 seq. 

salinity and, 89 

4 electrolysis; 97 seq. 

fittings and, 92 seq. 

expansion, allowance for, 84 

failure, 89 

fittings, electrolysis and, 92 seq. 

history, 82 

installation; ease of, 84, 302 

rules, 84 seq. 

‘joints, 85, 106, 306 

manufacturers of, 105 

plumbing and; 81 seq., 90 seq. 
discoloration and, 96 seq. 

salvage value, 306 seq. 

“season cracking,’’ 94, 306 

services, 81 seq., 301 seq. 
size required, relative, 83 seq. 


splitting of, 302, 306 seq. 
strength, 88, 306 
taste due to algae and, 96 
threading, 84 seq. 
Pipe, cast iron; cement-lined, 301 
services; 308, 569 seq. 

cost, 570 
silicon, high, and, 31 
specifications, 49 
welding, electrically, 550 seq. 


incrustation, resistance to, 30 
joints, 88, 301 
Pipe coatings; 502 
burlap, 570 
see Pipe, cement-lined; Pipe, gal- 
vanized; Pipe, lead-line ; Pipe, 
tin-lined 
Pipe, copper; 


corrosion, 101, 253 se 
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Pipe, cement-lined ; 91, 96 


cutting, 254 
aaa a ; 82, 84, 99 seq., 253 seq., 
06 


salinity and, 89 
electrolysis, 88, 97 seq., 254 
fittings, 254 
history, 81 seq. ae 
joints, 87 seq., 303,306 
plumbing; 81 seq. idee 

discoloration and, 97 seq. 
salvage value, 303, 306 seq. 
— 81 seq., 253 seq., 302 seq., 


specifications, 50 
strength, 254, 306 
taste due algae and, 96 
threading, 84 
_ Pipe fittings; brass, 500 
rass pipe and, 92 seq., 106 
copper pipe and, 254 
iron, silicon, high, and, 31 
specifications, 54 
Pipe, galvanized; see Pipe, iron; Pipe, 
steel; Pipe, wrought iron; Pipe, 
wrought steel 
Pipe, iron; corrosion; acidity and 
alkalies and, 102 
clogging and, 83 seq. oe 
galvanized; corrosion, 572 
covering for, 570 j= 
lead-lined, 301 yee 
services, 301,570,572 
size required, relative, 83 seq. 
see Iron; Pipe, cast-iron; Pipe, 
wrought iron 
‘Pipe joint materials; leadite, 355 
‘pipe seal,’’ 21 
Pipe, lead; clogging of, 308 
corrosion, 300 seq. 
cost, 85 
plumbism, tin-lined and, 300 seq. 
services, 96, 298 seq., 307 seq. 
tin-lined, 300 seq. 
Pipe, lead-lined; see Pipe, iron; Pipe, 
steel 
‘Pipe seal;’’ concrete wells and, 21 


Pipe, sewer; see Sewer a 
Pipe, ; copper bearing steeljand, “a 
2 


corrosion, 258 
durability, 89 seq. ‘ay 
galvanized ; corrosion, 572 


cost, 85 
lead-lined, 301 
services, 301, 572 

specifications, 48 


welding, in commission, 558 — 
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Pipe, tin-lined; see Pipe, lead 
Pipe, wrought iron; cement-lined, 301 
cost, 85 
durability, 90 
galvanized, cost, 85 
services, 571 
Pipe, wrought steel; 
durability, 308 
Piqua, O.; purification plant data, 
134 


galvanized, 


Pitometer; see Waste 
Pittsburgh, Pa.; brass pipe and, 89 
seq., 93 
filter sand analysis, 250 = 
purification plant data, 142 
steel pipe and, 90 
typhoid and, 61, 66 ‘ 
water, corrosiveness, 90 
wrought iron pipe and, 90 
Pittsburgh Des Moines Steel Co.; 
water tanks, standardized, 192 


seq. 
Plumber; N. Carolina and, 143 seq. 
Plumbing; activity, stimulating, 315 
seq. 
corrosion 303 
sodium silicate treatment and, 
99 seq., 102 seq. 
electric wiring, grounding to, 472 
seq. 
leakage, fire pressure and, 521 
materials, choice of, 98, 102 seq. 
payment; Buschmann plan, 316 


seq. 
deferred, 316 seq. 
pipe; brass; 81 seq., 305 seq. 
position, 93 
electrolysis, 92 seq., 97 seq. 
discoloration of fixtures he 
96 seq., 100 seq. 
durability, 82, 90 seq., 306 
failure of, 89 
fitting, 92 seq. 
installation, rules, 84 seq. 
salvage value, 306 
size required, relative, 83 seq. 
copper; 81 seq., 305 seq. 
discoloration of fixtures and, 


97 seq. 
durability, 306 
electrolysis and, 97 seq. 
joints, 87 seq. 
salvage value, 306 
iron; size required, relative, 83 


seq. 
wrought, durability, 90 
steel, durability, 90 
regulations, 466 seq. 
Plumbism; see Lead poisoning 
- Pocahontas, Va.; filtration, 139 


Polk, Pa.; purification plant data, 136 
Pollution; B. coli content, signifi- 
cance, 122 
indicators of; chloride and nitrite, 
120 
litmus lactose agar count, 121 
Pollution, industrial wastes; gas and 
coke works’ waste and, 426 seq. 
mine water and, 256 seq., 504 
phenols and, 335 
see Industrial waste treatment 
Pollution, stream; flushing with fresh 
water and 431 seq., 477 
public health aspects, 578 seq. 
Pollution, watershed protection; 505 
New York City and, 526 seq. 
sewage disposal in district and, 527 
Diesel engine drive, 200, 
9 


du Pont de Nemours (E. I.) & Co., 
Inc.; dyes, 536 

— Ill.; purification plant data, 
1 


Port Clinton, O.; purification plant 
data, 134 

Port Tampa, Fla.; softening plant, 
cost, 415 

Portage, Wis.; diesel engine drive, 


purification plant; cost, 206 
data, 140 
Portland, Ore.; typhoid, 65 seq. 
Portsmouth, O.; purification plant 
data, 134 
Portsmouth, Va.; filtration, 139 
Poteau, Okla.; filtration, 135 
Pottstown, Pa.; purification plant 
data, 137 
Poughkeepsie, N. Y.; filtration, 142 
Power;. see Electric power; Engine; 
Steam plant 
Prechlorination; Wilmington, Del., 
and, 587 
Presidio, Cal.; 
data, 125 
Pressure; control at station, 229 
fire protection and; 229, 339 seq., 
511 seq., 519 seq. 
increase and; failure to, liability 
and, 505 
main failures and, 519 seq. 
motor pumpers and, 519 seq. 
National Board of Fire 
Underwriters and, 520 seq. 
leakage and, 340 
practice, 308 
regulators, on services, 


purification plant 


570 seg. 
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Princeton, Ind.; filtration, 127 .. 


SUBJECT 


R. 1.; typhoid, 61 seq., 

Providence Chemical Laboratories; 
dyes, 536 

C.; purification plant 
data, 133 

Public; "chemical treatment, prej- 
udice and, 415 seq., 440 seq. 

Pulaski, Tenn.; filtration, 138 

Pump; air lift; advantages, _ ee 

cost, 232, 342 

drive, Diesel, 203 seq. 

economy of, 341 

Dubuque, Ia., and, 23 seq. 

efficiency; 25 seq., 204, 232, 341 


age and, 26 a, 
flexibility, 342 Svante 
reliability, 26 
simplicity, 26, 232 a 


water quality’ and, 341 
centrifugal; cost; 232 
deep ‘well, 20 seq. 
trends, 1909-25, 532 seq. 


drive, Diesel, 201 seq. es 
efficiency 232 
suction, loss of, prevention, 562 
diaphragm, acking, 55 
drive; Diesel engine, 199 seq. 
Fordson, tractor 448 
hydraulic rams, 232 on 


iron, silicon, high, and, 31 

plunger, cost and efficiency, 232 

power, fire service and, 201 

selection, 338 

trench, 577 

a valves; Birch non-slip, 376 
rubber, specifications, 52 

see Pumping cost; Pumping station; 


Well 
Pumping cost; air lift and, 338, 342 
drive; Diesel and, 206, 211 seq. 
electric and, 211 seq. 
steam and, 206, 211 seq. 
Los Angeles and, 382 
storage and, 339 
Pumping station; Des Moines, Ia., 
and 290 seq. 
drive; Diesel, 199 seq., 211 seq. 
electric, 211 seq., 232 seq. 
gasoline engine, 232 seq. 
oil engine, 232 seq. 
selection, 232 seq. 
standby, 232 seq. 
steam, 211 seq., 232 seq. 
Evansville, Ind., and, 371 
fire protection and, 510 seq 
school buildings 563 


Los and, 380 
mains, delivery, duplication 
521 seq. 


, 510, 


INDEX 


Quantico, Va.; filtration, 139 
Quincy, IIl.,; Diesel engine drive, 


practice, 502 
pressure control, 229 
records, 508 
see Pump; Pumping cost; Well ag 
Punxsutawney, Pa.; purification 
plant data, 137 a 
Putnam, Conn.; purification plant — 
data, 126 on 


200, 218 
purification plant data, 127 


Radford, Va.; filtration, 139 


Rahway, N. S5 purification plant 
data, 131 
Rainfall; California and, 310 seq. 


Raleigh, N. C.; purification plant 
data, 133 
Ranger, "Tex.; ; filtration, 139 


Rates; Buffalo, N. Y., and 457, 462 


S. C. and, 465 

E vansville, Ind., 372 seq. 

flat, objections to, 467 

meter over-registration, refunding 
for, 573 seq. 

minimum, meter size and, 457, 
462 seq., 465 

North and, 148 

service charge; Evansville, Ind., 

373 


fire connections and, 505, 514 seq. . 
unregistered water and, 457 Bre, 
Washington Sanitary Suburban 
District and, 457 
Ravenna, O.; filtration, 134 
Reading, Pa.; : purification plant 
data, 142 
typhoid, 61, 66 
Records: main capacity, value, 231 
meteorological, water supply and, 
185 


pumping station, 508 
Red water troubles: see Corrosion; 
Corrosiveness; Iron corrosion 
Refractories; specifications, 53 
Reidsville, N.C.; ; purification plant 
data, 133 
~ Rensselaer, N. Y.; filtration, 132 
Reservoir; ‘palancing, pressure main- 
tenance and, 338 seq., 511 seq. 
construction, 508 
fire protection and, 511 seq. 
pollution; B. coli increase, 264 
sea gulls and, 529 
protection, fencing, 530 
sea gulls, scaring from, 529 
service, 503 
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Rhode Island; filtration, 124, 137, 142 
Richmond, Va.; electric wiring, 
grounding to plumbing, 472 seq. 
filtration, 139 
fire pressure, main failures and, 
519 seq. 
typhoid, 63 seq. 
Ridgway, Pa.; purification plant 
data, 137 
Riehle Bros. Testing Machine Co.; 
sieve shaker, 243 
River, see Stream 
Riverhead, N. Y.; filtration, 132 
Rivets; specifications, 48, 54 
Roberts Filter Manufacturing Co.; 
dry feeders, 36 seq. 
Robstown, Tex.: filtration, 139 
Rochester, N. Y.; filtration, 132 
typhoid, 61, 63, 66 
welding of steel pipe, 558 seq. 
Rock Hill, 8. C.; purification plant 
data, 138 
Rock Island, IIll.; purification plant 
data, 12 
Rock Island Arsenal, IIl.; purifica- 
tion plant data, 127 
Rock Springs, Wyo.; filtration, 141 
Rocky Ford, Colo. ; purification plant 
data, 126 
Rome, Ga.; filtration, 126 
Roodhouse, Ill.; pumping plant, 
Diesel, 219 
Royersford, Pa.; purification plant 
data, 137 
Rubber; packing, specifications, 55 
products, specifications and test- 


ing, 52 
Russellville, Ark.; purification plant 
data, 125 


Sacramento, Cal.; filtration 125, 597 

Sacramento Valley; water resources, 
312 seq. 

Saint Albans, W. Va.; filtration, 140 

Saint Catharines, Ont.; tunnel con- 
struction, 450 

Saint Johnsbury, Vt.; filtration, 142 

Saint Joseph, Mo.; filtration, 131 

Saint Lawrence River; turbidity, 589 

Saint Louis, Mo.; filter sand analysis, 


244 seq. 
filtration, 131 
softening costs, 415 seq. 
typhoid, 64, 66 
Saint Paul, Minn.; filtration, 130 
typhoid, 64, 66 
Salem, N. J.; purification plant data, 
131 
Salem, Ore.; filtration. 135 
Salinity; corrosion and, 89 seq., 298 


Salisbury, N. C.; purification plant 
data, 133 
Salt Lake City, Utah; typhoid, 65 


seq. 
Saluda River; water quality, 138 
San Angelo, Tex.; filtration, 139 
San Antonio, Tex.; typhoid, 64, 66 
San Diego, Cal.; purification plant 
data, 125 
San Fernando Valley; irrigation, 379 
San Francisco, Cal.; purification 
plant data, 125 
typhoid, 65 seq. 
San ee Valley; water resources, 
1 
Sand; specifications and testing, 50 
seq. 
see Filter sand 
Sandusky, O.; 
data, 134 
Sandy Creek; water quality, 137 
Sanford, N. C.; purification plant 
data, 133 
Santa Cruz, Cal.; pumping plant, 
Diesel, 218 
purification plant data, 125 
Sapulpa, Okla.; filtration, 135 
Ste Marie, Mich.; iodization, 
29 
purification plant data, 
1 


purification plant 


Schoharie River; water quality, 527 
Schoolfield, Va.; filtration, 139 
Scranton, Pa.; copper services, 87 
purification plant data, 137 
typhoid, 61, 66 
Screw threads; specifications, 53 
Sea gulls; reservoir pollution and, 
law and, 529 
Seattle, Wash.; typhoid, 65 seq. 
Sebring, O.; filtration, 134 
Sedalia, Mo.; filtration, 131 
Sedimentation; see Settling basin 
Seneca Falls, N. Y.; filtration, 132 
Senior New England Mutual Fire 
Insurance Co.; insurance rates 
and sprinkler systems, 230 
Services; brass; 81 seq., 301 seq. 
advantages, 86 
corrosion, 302 
cost, 85 seq. 
failure, 89 
installation; ease of, 302 
rules, 84 seq. 
size required, 84 
302 
strength, 302 
copper; 81 seq., 572 cae} 
advantages, 86, 253 seq., 302 seq. 
cost, 85 seq. 
disadvantages, 303 
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installation, rules, 84 seq. 

joints, 303 

pushing through soil, 254 

salvage value, 303 

size required, 84 

cost, various materials, 85 seq. 

curb line limit, 87 

definition, 87, 299 el 

depth and, 304 ype 

fire; size, 498, 505, 515 “ 
valves, automatic and 515 

installation; advance, 304 seq., 307, 


Bess charge for, 91, 298, 468 seq. 
breaking of, cost, 571 
Re, y plumber, 297 seq. 
-~practice, 295 seq., 466 seq., 569 
seq. 
sewer pipe trench and, 456 
iron; 105 
cast; 308, 569 seq. 
cost, 570 
_ galvanized; cement-lined, 301 
corrosion, 299, 572 
covering for, 570 


lead-lined, 301 
strength, 299 ive; 
size required, 84 i fin 
wrought; 308, 571 
cost, 85 seq. 
a galvanized, cost, 85 seq. 
lead; 96 


corrosion, 300 
cost, 85 seq. 
deposit in, 308 
failure, steam lines and, 307 seq. 
injury of, 300 
salvage value, 300 
tin-lined, 300 seq. 
1 
failure, galvanic action and, 298 
seq. 
location, 304 
main connections, 297 seq., 569 
materials, selection, 97 seq., 102 
seq. 
ownership, 87 
Pennsylvania Public Service Com- 
mission and, 87 
pressure regulators on, 570 seq. 
size; 105, 296 
fire services and, 498, 505, 515 
flushometers and, 462 seq. 
rates and, 457 
steel; galvanized; corrosion, 299, 
572 


cost, 85 seq. 
lead-lined, 301 
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galvanized, corrosion, 308 
_ see Corporation cock; Curb cock; 
Bipe 
Settling basin; design, 34 
see Turbidity 
Sewage; analysis; chlorine, free, 403 
interpretation, 344 
bathing beach pollution and, dis- 
ease and, 579 
phenol absorption by, 428, 430, 
432 seq. 
Sewage treatment and _ disposal; 
activated sludge, phenol destruc- 
tion and, 433 
chlorination, chlorine determina- 
tion, 403 
cost, 580 
water supply and, 116 seq., 578 seq. 
watershed protection and, 527 
Sewer; laying, practice, 51 
pipe, testing, 51 
Seymour, Ind.; filtration, 124 
'a.; purification plant data, 
1 


Shawnee, Okla.; filtration, 135 
Shelby, N. C.; purification plant 
data, 133 
Shelbyville, Tenn. ; purification plant 
data, 138 
Shenandoah, Va.; filtration, 139 
Shinnston, W. Va.; filtration, 140 
Shreveport, La.; filtration, 129 
Sieve; see Filter sand analysis 
Silica; determination; in bauxite, 40 
in water, 113 
Simplex Venturi meter; 20 
Simplified Practice Recommenda- 
tions; see United States Dept. 
of Commerce, Division of Sim- 
plified Practice 
Sioux Falls, 8. Dak.; purification 
plant data, 138 
Sistersville, W. Va.; filtration, 140 
Slate; roofing, specifications, 59 
Soap waste; hardness and, 408 seq. 
Soda ash; analysis, 43 
boiler corrosion and, 101 
see Sodium carbonate 
Soda ash treatment; carbon dioxide 
and, 300 
corrosiveness and, 256 seq. 
H-ion concentration and, 256 seq. 
lead solvency and, 300 
Sodium carbonate; determination, 
110 seq. 
see Soda ash 
Sodium chloride; determination, 113 
Sodium iodide; cost, 329 
Sodium iodide treatment; cost, 329 


— 
ve 
« 
dy 
A 
—- 
7 
we 
q 
% 
4 
4 
iz 
& 


SUBJECT INDEX 


Iron Mountain, Mich., and 326 
public opinion and, 329 seq. 
Sault Ste Marie, Mich., and, 329 
Sodium silicate treatment; corrosion 
and, 99 seq., 102 seq., 258 seq. 
Softening; base exchange; 411 seq. 
acidity and, 419 pecs. 
boiler feed and, 411 rea 
disadvantages, 419 
economics, 419 me 
iron and manganese and, 419 
Hinsdale, Ill., and, 163 
lime-soda; 411 seq. 
advantages, 418 
bacterial content and, 407 
control, technical, 111, 418 seq. 
cost, initial and operating, 414 
seq. 
disadvantages, 418 
household apparatus, 412 
limit of, 412, 418 
Porter-Clark process, 411 seq. 
public opinion and, 415 seq. 
Springfield, Ill., and, 163 
taste and, 408, 410 seq. 
see Boiler feed water treatment; 
Lime treatment; Soda ash treat- 
ment 
Soil; salinity, corrosion and, 298 seq. 
Solder metal; specifications, 50 
Solids, total; determination, 112 
Somersworth, N. H., filtration, 142 
Somerville, Water Co.; purification 
plant data, 131 
Sonyea, N. Y., filtration, 132 
South Boston, Va.; filtration, 139 
South Brownsville, Pa.; purification 
plant data, 137 
South Carolina; filtration, 124, 173 
seq., 142 
South Dakota; filtration, 124, 138 
South Milwaukee, Wis.; chlorination, 
taste and odor and, 426 
filtration, 140 
South Norwalk, Conn.; filtration, 141 
South Pines, N. C.; purification 


data, 133 
Spa 


e, pneumatic; 576 


_ Spartanburg, S. C.; purification plant 


data, 138 
water supply, cost, 151 

Specifications; water works ma- 
terials, committee report, 38 seq. 

Spokane, Wash.; typhoid, 65 seq. 

Spore-formers; see Bacteria, spore- 
forming 

Spring Grove, Pa.; purification plant 
data, 137 

Spring Valley, Ill.; Diesel engine 


Springfield, III. ; filtration and soften- 
ing plant, 163 
Springfield, Mass.; filter sand analy- 


250 


e 
Sprinkle 


insurance rates and, 230 
service, size and, 498 i 
tank, elevated and, 515 ahi 
see Fire protection, private a 
Standardization; cost and, 191 7 
U. S. Dept. of Commerce and, 191 
seq. 
Starch; indicator solution, prepara- 
tion, 396 seq. 
Starch-iodide; see Water analysis, 
chlorine, free 
Statesville, N. C.; purification plant 
data, 133 
Steam; hose, specifications, 52 
pump drive, cost, 211 seq. 
see Boiler; Engine 
Steel; analysis, 48 
corrosion, 99 
specifications, 47 seq., 59 
welding, with manganese bronze, 
552 
See Pipe steel 
steelton, Pa.; purification plant data, 


Steubenville, O.; purification plant 
data, 134 
Stirling; boiler installation, 371 
Stockton, Cal.; meter; maintenance 
methods, 573 seq. 
over-registration, 
573 seq. 
Storage; 338 seq. 
fire protection and, 509 seq. 
pumping costs and, 339 
required, 339 
see Reservoir; Tank. 
Storm Lake, Ia.; pumping plant, 
Diesel, 218 
Stream; flow, future, estimation, in 
California, 310 seq. 
see Pollution, stream 
Streator, Ill.; purification plant data, 
127 
Streptococci; bile and, 547 
Struthers, O.; filtration, 134 
Sulfate: determination, 113 
pH and, 396 
see Magnesium sulfate 
Sulfuric acid; strength, determina- 
tion, 43 
Sullivan Machinery Co.; Dubuque 


refunding for, 
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Pa.; plant data, 
137 


Superior, Wis.; filtration, 142 
Superior Lake; iodine content, 328 
Surrosion; corrosion by, 256 
Sweetwater, Tex.; filtration, 139 
Swimming pool; water; chlorine in, 
sensitiveness to, 440 
treatment, prejudice against, 440 
seq. 
Symbiosis; B. coli test and, vr = 
Synura; chlorination, taste and 
copper sulfate treatment and, 230 
Syracuse, N. Y.; typhoid, 61, 63, 66 


Tacoma, Wash.; typhoid, 65 seq. 
Takoma Park, M .} 8ee Washington 
Suburban Sanitary District 
Talladega, Ala.; purification plant 

data, 125 


a 
Tampa, Fla.; filtration, 126 
Tank; elevated; beautification and, 
233 seq. 
standardized, 190 seq. 


storage and expansion, 

Tannery ; water quality and, 418 

Tarbora, N. C.; purification plant 
data, 133 

Tarentum, Pa.; purification plant 
data, 137 

Tarrytown, N. Y.; filtration, 132 

Taste and odor; algae and; brass 

and copper pipe and, 96 

silver, intensification ‘and, 96 


filtration and; rapid fine sand, 591 


slow sand; oxygen and, 460 
Q rate and, 459 seq 
phenol, concentration “Med, 426 
- softening, and 408, 410 seq. 
see Chlorination 
fire prevention and, 230 


seq. 
fire protection and, 230 seq. 
of water works, 504 
Taylorville, Ill.; Diesel engine drive, 
200, 205 
Temperature; chlorination taste and, 
424 
chlorine absorption, rate and, 424 


Terrell, Tex.; filtration, 139 

Testing machine; verification, 52 seq. 

Texarkana, Ark.; purification plant 
data, 125 

Texas; filtration, 124, 138 seq. 

Textile industry; water quality and, 
417 seq. 

Falls, Minn.; filtration, 


Threads; specifications, 53 
purification plant data, 
1 


Tiger River; water quality, 138 
Tile; specifications, 53, 59 
see Drain tile 
Timber; specifications, 52 
see Lumber 
Tin; alkalies and, 102 
alloys, analysis, 50 
Titanium; determination, 40 seq. 
Tintern Manor Water Co. ; purifica- 
tion plant data, 131 
purification plant data, 


syphoid, 63, 65, seq. 
Tools; forged, specifications, 59 
Topeka, Kans.; ; purification plant 
data, 128 
Toronto, O.; filtration, 134 
Town planning; water supply and, 
226 


Traps; brass, specifications, 59 
Treatment; beverage industry and, 
506 


canning industry and, 506 
chemical; 502 
prejudice and, 415 seq., 440 seq. 
see Chlorination; Coagulation; 
Filtration; Ete. 
Trench; _ backfilling, 
equ — 575 seq. 
rate of operation, 576 
excavating, mechanical equipment; 
575 se 
durability, 576 
operation; cost of; rate of; 575 
seq. 
pneumatic spades and concrete 
breakers, 576 
pump for, 577 ee 
Trenton, Mich. ; filtration, 130 aa 


mechanical 


Trenton, Mo.; filtration, i3l 
Trenton, N. J; purification plant 
data, 131 


chlorine determination and, 
geq., 397, 400 seq., 404 
corrosiveness and, 90, 258 


Temple, Tex.; filtration, 139 
Tennessee; filtration, 124, 138 
= Haute, Ind.; filtration, 127 

fire prevention, 525 

fire protection, 524 seq. 
water works, future and, 448 seq. 


61 seq., 66 
River; water quality, 334 
Tw sa, Okla. ; ; filtration, 135 
Tunnel, water; Chicago, Ill., and, 
175 seq. 
rock, St. "Catharines, Ont., and, 450° 
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sanitary hazards; 178 
private connections and, 187 
shafts; practice re, 177 seq. 
rotection of, 178 
Turbidity; chlorination and, 531 
determination, 345, 347, 596 
meters and, 451 
paper manufacture and, 417 
settling coefficient, determination, 
345, 347 
Turtle Creek; corrosiveness, 257 
Tuscaloosa, Ala.; purification plant 
data, 125 
Twin Falls, Idaho; purification plant 
data, 126 
Tyler, W. S., Co.; sieves; 237 seq., 
250 


shaker, 243 
Typhoid; Chicago and, 62, 180 
cross connections and, 14, 434 seq. 
East Fairmont, W.Va., and, 331 
seq. 
ice and, 579 seq. 
monetary loss 
formula, 228 
New York City and, 62 
Niagara Falls, N. Y., and, 436 seq. 
oysters and, 62 
statistics, 1924, 60 seq. 
Washington, D. C., and, 62, 437 
seq. 
water supply and, 180, 331 seq. 
Wheeling, W.Va., and 331 seq. 
Winona Lake, Ind., and, 434 seq. 
see Disease, intestinal 
Tyramine, determination 350 
Tyrosine; determination, 349 seq. 


and, Whipple’s 


Union, 8S. C.; purification plant data, 
138 

United States; Dept. of Agriculture, 
46 


Department of Commerce; 46 
Bureau of Standards; 46 
sieves, standard, 237 seq. 
Division of Simplified Practice; 
organization, 57 seq. 
specifications, 59 
standardization and, 191 seq. 
Department of Interior; 46 
ological Survey, 208 
Department of Labor; 46 
Engineering Department; Lake 
Michigan and, 429 
Federal Specifications Board; 
organization, 46 
specifications, 38, 46, 48, 54 seq. 
Interdepartmental Committee, cal- 
cium determination and, 43 seq. 
Navy Department, 46 


property value increase, 145 
Shipping Board Diesel engines and, 
224 


Treasury Department, Public 
Health Service; chlorophenol 
tastes and, 429 

typhoid and oysters, 62 
water quality standard; 260 seq. 
reasonableness, 122 
typhoid rate, 1910-24, 67 
War Department, 46 
chlorophenol tastes and, 429 
goiter in Michigan and, 326 
Upper Sandusky, O.; filtration, 134 
Urbana, IIl.; see Champaign and 
Urbana Water Co. 
Utah; filtration, 124, 139 


Valparaiso, Ind.; filtration, 127 
Valves; high silicon iron for, 31 
Van Buren; filtration, 125 
Vandergrift, Pa.; purification plant 
data, 137 
Varnish; specifications, 53 
Venturi meter; 33, 374 
Simplex, 20 
Vermont; filtration, 124, 139, 142 
Vicksburg, Miss. ; filtration, 130 
Vincennes, Ind.; filtration, 127 
Vinita, Okla.; filtration, 135 
Virginia; filtration, 124, 139, 142 
o-tolidin test and, 404 seq. 
Virginia Central State Hospital; 
filtration, 139 
Virginia State Board of Health; filter 
sand analysis, 250 


Wabash River; hardness, 448 
Waco, Tex.; filtration, 139 

Okla.; filtration, 135 
Wahpe 


ton, N. Dak.; filtration, 133 


Walker Caldwell Water Co.; pumping 
plant, Diesel, 219 
Walton, N. Y.; filtration, 132 
Ware Shoals, 8. C.; purification plant 
data, 138 
Warren, O.; filtration, 134 
Warren, Pa.; purification plant data, 
137 
Warren, R. 
data, 137 
Warsaw, Ind.; filtration, 127 
Washington, D. C.; filtration, 141 
typhoid; cross connections and, 
437 seq. 
oysters and, 62 
statistics, 63 seq., 66 
Washington, Ind.; filtration, 127 
Washington, N. C.; purification plant 


I.; purification plant 
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Washington, Pa.; purification plant 
data, 
Washington State; filtration, 124, 
139 seq. 
Washington Suburban Sanitary Dis- 
trict, Md.; filtration, 129 
service charge, 457 
Waste: detecting meters, value, 231 
hot weather and, seq. 
pitometer survey and, 453 seq. 
experience required, 453, 455 
frequency, 453 
Water analysis; acidity, 110 
alkalinity; 110 seq., 346 
“causticity modulus,” 111 
hydrate, 111 
aluminium, 113, 121 
_ for boiler purposes; interpretation, 
108 seq. 
methods, 107 seq., 344, 346 
calcium, 110, 114 
carbon dioxide, 114, 344, 347 
chlorine, free; o-tolidin; sensitivity 
factors affecting, 384 seq. 
standards, checking of, 384 


ast? 


seq. 
starch-iodide, sensitivity, factors 
affecting, 384 seq. 
committee report, 343 seq. 
copper, 345, 347 ‘ 
hardness, 110 seq. 


H-ion concentration, 344, 346 as 
iron, 113 ay 
lead, 345, 347 


phenol; 344, 346 
bibliography, 348 seq. 
chlorination and tasting, 428 
examination for, promptness, im- 
_-~portance, 428 
pipe materials, selection of, and 98 
results, expression, hypothetical 
_combinations and, 114 
silica, 113 
sodium carbonate, 110 seq. 
sodium chloride, 113 
solids, total, 112 
sulfate, 113 seq. 


turbidity; 345, 347 iene: 


settling coefficient, 345, 347 Bri 
small amounts and, 596 
zinc, 345, 347 
see Bacteriological exami 


ro 


Bacterium coli test; Microscopic 
examination 
Water closet, flushometer; services 
size and, 462 seq. 
water consumption and, 463 seq. 
water hammer and, 465 
Water diversion; compensation and, __ 


Water hammer; air pockets and, 324 
flushometers and, 465 
Water measuring device; see Venturi 
meter 
Water quality; bacteriological 
standard, U. 8. P. H.S8., 122, 260 
copper, permissible amount, 100 
hardness, health and, 120 
leather manufacture and, 418 
mineral matter, health and, 120 
paper manufacture and, 417 
textile industry and, 417 seq. 
- wool scouring and, 417 
Water supply; animals, domestic and, 
163 


control, meteorological records and, 
185 


fire protection and, 509 seq. 

increasing, 508 

investigations, engineer for, selec- 
tion, 337 

sewage disposal and, 116 seq., 578 © 
seq. 

onsih cities and, 163, 337 seq. 

sources; allocation of, 504 
selection of, 337 seq. 

town planning and, 226 

W. Virginia and, 331 seq. 


- Water works ; beautification; 233 seq., 


289 seq., 501, 563 seq. 
value of 294 
bond issue and, 340 seq. 
duplication and, 522 seq. 
economics of, 226 seq. 
emergency service, 505, 523 seq. 
financial status, 501 
future, planning for, 448 seq. 
iron, high silicon, and, 29 seq. 
labor, price trends, 532 
materials; be trends, 532 
testing of, 38 seq., 505 
taxation of, 504 
Waterford, N. Y.; filtration, 132 


‘Watertown, N. Y.; corrosion, 91 


if 
340 
7 
> 
110, 113 
— oxygen demand, status 346 
anganous sulfate solution, p a 
mang 
manence, 398 
4 
as 
tration, 91 
Watervliet. N » filtration, 
a Mich.; filtration, 130 4 
Wayne, P purification plant 
ata, ion, 140 


Welding; electric; cast iron pipe and; 
550 seq. 
strength and, 552, 558 
steel pipe and; 558 seq. 
strength and, 552 
Weldon, N. C.; purification plant 
data, 133 
Well; artesian; 23 seq. 
capacity; age and; drawdown 
and, 25. we 
concrete; 17 seq. 
cost, 20 seq. an 
interference, mutual, 24 
pumping; air lift; 23 seq. 
advantages, 26 
belted connections, and 204 
ss gost, 26, 338, 341 seq. 
drive, Diesel, 203 seq. 
efficiency; 25 seq., 204, 341 
age and; rate and, 26 
flexibility, 342 
reliability and simplicity, 26 
water quality and, 341 
centrifugal, drive, Diesel, 201 


seq. 
deep welt ; cost, 341 seq. 
efficiency, 341 
flexibility, 342 
deep well centrifugal, 20 seq. 
deep well turbine; 25 seq., 338 


cost, 26 


disadvantages, 26 
drive, Diesel, 205 


efficiency; 25 seq. 

P age 26 
rive, Diesel, 200 seq. ee 
pump, selection, 338 + 


in sand, 23 
strainers, cleaning of, 498 
water level; measurement of, 20 
mutual interference and, 24 
yield increase and, 342 
yield; air lift and, 26 
increasing, 342 
measurement of, 20 
Wenatche, Wash. ; filtration, 140 
West Palm Beach; filtration, 126 
West Point, Ga.; filtration, 126 
- West Virginia; filtration, 124, 140 
water supply; progress, 334 
struggles, 331 seq. 
West Virginia State Department of 
Health; chlorination control, 334 
water supply activities and, 331 
seq. 
Western New York Water Co.; con- 
sumption, fires and, 
flushometers, 462 seq. — 


Wisconsin State Board of Health; 


intake, cleaning of, 452 
= ; 451, 455 seq., 457, 462 seq., 
474 

pitometer work, 456 ee 

services, 456, 468 ot 
Westfield, N. Y.; filtration, 142 oe 
Weston, W. Va.; filtration, 140 aes 
Weston and Sampson; filter sand anal- 


ysis, 250 
Westport, Md.; filtration, 129 
Westwego, La.; filtration, 129 +s 


Wheeling, W. Va.; chlorination, 332 
filtration, 140 oy 
typhoid, 331 seq. 
water supply history, 331 seq. 

White he bearing alloys, specifi- 

cations, 50 

Whiting, Ind.; filtration, 127 

Wichita Falls, Tex.; filtration, 139 

Wilkes-Barre, Pa.; purification plant 

data, 137 

Wilkinsburg, Pa.; purification plant 

data, 137 

William Penn Hotel; brass pipe i 

failure, 89 
Williamson, W. Va.; dysentery out- 
break, 334 
filtration, 140 
Willoughby, O.; purification plant 
data, 134 
Wilmington, Del.; filtration effi- 
ciency, 587 
purification plant data, 126, 141 


Wilmington, N. C.; population in- 
crease, 145 
purification plant data, 133 careers 
typhoid, 63, 66 
Wilson, N. C.; purification plant 
data, 133 


Winchester, Ky.; filtration, 128 

Wind; water flow, reverse and, 429 

Winnetka, IIl.; purification plant 
data, 127 

Winnipeg, Man.; water supply, 226 

Winona Lake, Ind.; typhoid and cross 
connections, 434 seq. 

Winston, N. C.; population increase, 
145 


Winston-Salem, N. C.; purification 
plant data, 133 

Wisconsin; filtration, 124, 140, 142 

well pumping, 341 

Wisconsin League of Municipalities; 
meeting, 507 

Wisconsin Section; 162 
seq., 507 seq. 


meetings, 


hlorophenol tastes and, 431 
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- Wool scouring; hard water and, 417 Youngstown, O.; purification plant 
Worcester, Mass.; typhoid, 61, "66 data, 134 
Wyandotte, Mich. ; filtration,’ 130 typhoid, 63, 66 
Wyoming; filtration, 124, 141 om, Cal.; ‘filter sand data, 581, 
1 seq. 


: Zinc; alkalies and, 102 
Yonkers, N. Y.; filtration, 142 determination, 345, 347 
typhoid, 61, 66 Zinc coating; specifications, 54 
York, Pa.; purification plant data, weight, determination of, 49 
: 1 Zion ity; ground water level, reces- 

- Youghiogheny River; mine waste, sion, 342 

corrosiveness and, 257 , Zoning; ‘see City planning 


-Xylol; chlorination taste and, 426 
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disinfection and, 493 
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water tower and, 367 
see Books, New; Pipe, Concrete 
Condenser; alge and; difficulties and, 
598 


cooling water and; chlorination 
and, 598 
corrosion and; brasses, various, 
and, 599-600 
small plant; operation and, 274 
Conduit; concrete; cost and, 169 
Lake Decatur and, 169 
Conference; see State Sanitary Engi- 
neers 
Conferva; Sideromonas Confervarum 
and, 482 
Copper; corrosion and; condensers 
and, 599 
see Water, Copper Sulfate and 
Corrosion; condensers and; brasses, 
various, and, 599-600 
symposium and, 280 
theory, electrolytic, and; funda- 
mental and, 280 
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see Boiler Corrosion; Iron, Cor- 

rosion and; Water, corrosive 

Cost; aqueduct; Los Angeles and, 
362- 


concrete; conduit and, 169 
Diesel wees and; Ponca City and, 
27 


filtration plant; extension and; 

Sacramento and, 363 
repairs and; Sacramento and, 
363 

fountain operation; Dallas, Texas, 
and, 279 

Laguna dam; repairs and, 170 

mains laid, 283 

steel, electrically welded, 
65 


pumping; electricity, oil, andsteam 
and, 478 
Westbury, L. I., and, 605 
pumping plant; Lexington, Ky., 
and; cross-compound and, 
gas and, 277 
turbine and, 277 
reservoirs; Canadian National R. R. 
and, 360 
service pipe; cleaning and, 284 
Spavinaw Creek project, 277 
stream gauging and; stations and, 
605 


swimming pool, new; East Cleve- 
land and, 279 
trenching, mechanical, 368 


- tunnel; Shepaug River, 487 
_ turbine, low pressure, and centrif- 


4 


ugal, 

utilities and; variations, annual, 
and, 479 

water supply; Border Cities, 


Canada, and, 485 
Newark, Ohio, and, 602 
Seattle, Wash., and; exten- 
sion and, 607 
Singapore and, 488 
water tower; San Diego, Cal., and, 
6 


water treatment; Topeka, Kansas, 
and, 367 
water works, new; Monmouth, IIL., 
and, 366 
Wilson dam, 479 
Creamery; see Waste, Industrial 
Cross Connection; typhoid and; Rock 
Falls, Ill., and, 484 
Sterling, Ill., and, 484 


Croton and; 


AS 
{ 
usp 
AS 
a 
yclone ; see Tornado d 
ypress; water and; taste and coor 
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Dakota; sandstone and; basin, ar- 
tesian and, 608-9 
depletion and, 609 
— Texas; fountain, illuminated, 


’o aon and; cost and, 279 


reservoirs 364 
Dam; arch; experimental ; Engineer- 
ing Foundation and, 480 
Stevenson Creek and, 
480 


‘anadian National R. R. and; 
construction and, 360 
spillways and, ’360 
River; rock fill; world record 


and, 480 
backsite and, 480 
construction and, 601 
failure and; Bully Creek and, 481 
French ae and, 480 
Texas, and 
Hendersonville NG 
Hubbard Creek, 
Laguna; repairs ‘and; cost = 
log ; sealing and; fire hose and, 365 
Marinette, Wis. 603 
Metis Lakes and, 7 
Pinhook, Iowa; River 
and, "479 
Po werdale, Hood River; 
= rolling, and, 362 
4 Shepaug River and, 276 
_ Spavinaw creek and, 277, 286 
_ Staunton, Va., and, 494 
Tipton, Pa. ,and; construction and, 
360 
spillway and 


nf 360 
Wilson; cost and, 479 
world record a 479 
_ Danville, Ky., water works and; Dix 
‘river dam and, 362 
roe plant, new, and, 


gates, 


Danville, Va.; aération and, 495 
water treatment and, 495, 
Davenport, Iowa; power station, 
new, and, 273 
see Water, Deaération 
an 
Dearborn, Mich. ; see River Rouge 
Ill.; concrete conduit and, 
Lake Decatur and, 285 
— Ind.; : waste, beet sugar, and, 
Fort Wayne, Ind., and, 495-6 
St. —s s River and, 495-6 


Dechlorination; see Water, Chlorina- 
tion and 
Deferrization; see Water, Iron Re- 
moval and 
Deflection; plates, riveted, and; leak- 
age and, 481 
Deforestation ; Mississippi River and; 
floods and, 362 
Delaware River; tri-State compact 
and; signature and, 610 
water use and; precedence 
and, 610 
Dezincification; see Brass 
Des Moines River; Estherville, Lowa, 
and; softening and, 360 
Detroit River; Border Cities and; 
water supply and, 485 
Devil’s Lake, N. D.; restoration and, 
480 
Diatom; sea water 
deficiency and, 172 
silica requirement and; clay utiliza- 
tion and, 172 
Diesel Engine; Fairbanks-Morse and; 
type, new, and, 490 
improvements, recent, and, 603 
Ingersoll-Rand type and, 605 
Kearney, Neb., and, 602 
lubrication and; instructions and, 
490, 491 
Ponca City and; steam superseded 
and, 274 
— solid-injection type and, 


and; silica 


water circulation and, 274, 275 

see Water, Distribution 
an 

District; water; Kennebec; 
compact and, 366 

Ditch; see Trenching 

Dix River; dam, rock-fill, and; world 
record and, 362 

Danville water works and, 362 

Dorr Clarifier; see Clarifier 

Dreissena Polymorpha; see Mussel, 
Migratory 

Drinking Fountain; sanitary; com- 
mittee report and, 278 

Drought; Ashokan reservoir and; 
1923 and, 282 

Duluth, Minn.; rainfall and run-off 
and, 611 

Duoflow; see Engine 

Diirkheim, Germany; springs and; 
radioactivity and, 165 

Dysentery; Greenville, IIl., 
epidemic and, 609 


power 


and; 


Earthquake; Japan 
plies, rail road, 


and; water sup- 
and, 169 


2) 

4 

ag 
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Earthwork; see Books, New 

East Cleveland; swimming pool, new, 
and; cost and, 279 

Electric’ Power; progress and; 1924 


Encino Dam; oil and, 480 
Engine; characteristics and; duoflow, 
compound, and, 490 
uniflow and, 490 
see Diesel Engine; Oil Engine; 
Steam Plant 
Engineer; water works and; 
sultations and, 606 
Engineering Foundation; dam, arch, 
experimental, and; Stevenson 
Creek and, 480 
Estherville, Towa; Des Moines River 
and; softening and, 360 
Euglena; hydrogen-ion concentration 


con- 


and, 1 
Evaporation; gage and, 494 
reservoir and; records and, 494 


Exchequer Dam, Cal.; backsite and, 
480 
construction and; difficulties and, 


dimensions and, 601 “ee 
Merced River and, 601 Se 
Extension; see Water Supply Finance 


rose: water supply and; screens 
an at 
see Waste, Industrial cx 
Faucet; see Tap uke 
Filing ag System; engineering data and, 


Filter household; 


609 
loaded; see Clark, H. W. 
see Water, Filtration and 
Filter Bottom; see Underdrains; 
Water, Filtration, Rapid Sand 
Filtration; see Water, Filtration and; 
Water, Purification and 
Finance; see Water Supply Finance 
Fir; water and; taste and, 
Hose; log dam and; sealing and, 
5 


inefficiency and, 


size and, 481 
see Hose Coupling 
Fire Protection; meters and; type, 
special, and, 604 
poe and; hydrant spacing and, 


private systems and; waste and; 
control and, 604 
and; buffer effect 


Flood; “ebeis transportation and, 72 
scour and, 72 
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Flue Gas; combustion control and, 
75, 169 
Flywheel; explosions and, 273 
Forest; rainfall and; Duluth, Minn., 
and, 611 
see Deforestation 
Fort Wayne, Ind.; St. Mary’s River 
and; pollution and, 495-6 
Fountain; Dallas, Texas, and; operat- 
ing cost and, 279 
see Drinking Fountain 
France; sand filters, early, and, 76 
Freezing; air-valves and; prevention 
and, 481 
pipeline and; thaws and, 478 


i 


pumps, air-lift, and, 478 baer 


see Tank 
French Landing, Mich.; dam and; 
failure and, 480 
Huron River and, 480 
Fricke; magnesium chloride deter- 
mination and, 173 
Friction; pipe, steel, and, 170 
see Pipe, Flow and 
Fuel; colloidal, 75 
progress and; 1924 and, 273 


Furnace ; coal pulverized, and; 
erosion an 
gas fired; sand. foe oil removal and, 
71 


heat losses and; conduction and, 


radiation and, 275 
stratification and, 275 
improvements, modern, and, 275 
oil fired; burner selection and, 71 
water cooled; air, preheated, and, 

489 


coal, pulverized, and, 489 
fin type and, 489 
stoker, mechanical, and, 489 


Gage; recording; water-stage, etc., 
169 


see Stream 
Gallery, Collecting; well and; flow, 
increased, and, 286 
Galvanized Iron; coating and; thick- 
ness and; determination and, 699 
Garza, Texas; dam and; Dallas water 
supply and, 364 
Gate; see Valve 
Generator; cleaning and; importance 
and, 274 
see Turbo-Generator 
Georgia, Strait of; oxygen dissolved 
and; depth and, 483 
Gerdts, Gustav _ wet stream pre- 
vention and, 75 
Goiter; iodine and; —_— and, 165 
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iodine deficiency and, 486, 611 
Michigan and; iodine and water 
and, 77, 610-1, 611 
pathology and, 165 
_ prophylaxis and; salt, iodized, and, 
611 
see Iodine; Water, Iodine and 
Goose-neck ; substitute and; cup joint 
and, 364 
see Service Pipe 
Gordon Valley; Vallejo, Cal., and; 
water works and, 365 
Graphite; boiler water treatment 
and, 167 
Greensboro’, N. C.; mixing basins 
and, 
Greensburg, Ind.; 
and, 496 
Greenville, Ill.; dysentery and, 609 
mains and; tile, vitrified, and, 609 
Griffin, Ga.; iron removal and, 367 
Ground Water; see Water, Ground 
Guyan River; Huntington, W. Va., 
and, 605 


wastes, poisonous, 


Hackensack J.; Hackensack 

Water Co. and, 364 
service pipes and, 364 

Hardness; see Water, Hardness and 

Hazard, Sanitary; see Sanitary 
Hazard 

Hazen-Williams; formula and; C- 
values and, 284 

Head; pipe flow and; loss and, 168 

Heanor, Eng.; water iodization and, 


Heidelberg, Germany; springs and; 
radio activity and, 165 
Hematoxylin; purification and, 74 


Hendersonville, N. C.; water supply 
and; remodelling and, 606 
Hetch Hetchy; pipeline and; 
struction and, 481 
tunnels and; concrete lining and, 


71 
i dimensions and, 71 
see Moccasin Creek 
Highway; water supplies and; Minne- 
sota and, 479 
Hong Kong; water supply and; ex- 
tension and, 488 
Hood River; Powerdale dam and; 
crest gates, deep, and, 362 
Horton, Kansas; water supply and; 
improvements and, 486 
ultra-violet sterilization and, 
486 
Hose; see Fire Hose 
Hose. Coupling; Amer. Soc. Mech. 
Engineers and, 278 


con- 


National Board of Fire Under- 
writers and, 278 
standardization and; progress and, 
278 
Hubbard Creek, Texas; dam and; 
spillway, novel, and, 363 
Huron River; French Landing dam 
and, 480 
Humphrey Gas Pump; description 
and, 487-8 
economy and, 488 
performance and, 488 
Huntington, W. Va.; water station 
and; treatment plant and 605 
Guyan River and, 605 
drainage, acid, and, 


type, intermittent, and, 
605 


Hydrant; cadmium yellow and, 488 
chrome yellow and, 488 
painting and; yellow and, 488 
spacing and; Hendersonville, N 

and, 606 
pressure and, 277 
Worcester, Mass., and; inspection 
and, 487 
Hydraulic Jump; energy and; 
and, 603 
Hydraulics; agricultural, see Books, 
New 
Hydro-electric Plant; Niagara Falls 
and; extension and, 491 
Uji River, Japan, and, 488-9 
see Moccasin Creek, 

Hydrogen-Ion Concentration; 

water and, 74 

taste, acid, and, 73 

see Water, Hy drogen-Ion Concen- 
tration and 

Hydrogen-Ion Concentration Deter- 

colorimetric; chart 
and, 


.C., 


loss 


sea 


Idaho; ground water and; Pashimeroi 
Valley and, 608 
Ilkeston, Eng.; water iodization and, 
and, 
Illinois; filtration plant records and, 
36 
typhoid and; cross-connections 
and, 484 
see Coal 
Illinois Central R. R.; tank, wood, 
and; construction, rapid, and, 
78 


Illinois River; sewage pollution and; 
Chicago and, 76 

Indian Creek, Pa.; mine drainage 
decision, mem 368 


y 
pear 
at 
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Indiana; wells and; pollution and, 609 

Indicator Diagram; oil engines and, 
491 

Infusoria; fresh water; calcium and, 
1 


hydrogen-ion concentration 
and, 601 
Inle, India; valley of; water analyses 
and, 166 
Inorgoxidant; iron bacteria and, 173 
Inspection; schedule, efficient, and; 
advantages and, 492 
planning and, 492 
Intake; Charleston, S. C., and; con- 
nection and, 365 
St. Louis, Mo., and; conditions, 
exacting, and, 365 
Seattle and; Lake Youngs and, 607 
International Head Chamber; chemi- 
cals and; dosage and, 483 
Iodine; Berea sandstone and, 77 
see Goiter; Water, Iodine and 
Iodization; see Water, Iodine and 
Iron; see Water, Iron Removal and 
Iron Bacteria; inorgoxidants and, 173 
see Sideromonas Confervarum 
Iron, Corrosion and; pitting and; 
oxidation and, 73 
water and; testing and, 285, 287 
Iron, Galvanized; see Galvanized 


ron, 
Ironton, Ohio; Ohio River and; pollu- 
tion, maximum, and, 170 


Jamaica; floods and; damage and, 284 
Jamestown, N. Y.; watersupply and; 
treatment unnecessary and, 
Japan; earthquake and; water sup- 

plies and,169 
Johnson; see Valve 


Kearney, Neb.; water works and; 

Diesel engine and, 602 
improvements and, 602 

Kennebec; water district and; power 
compact and, 366 

Kensicu Reservoir; turbidity and; 
protection and, 283 

Kestner; boiler feed water and; treat- 
ment and, 599 

Kirksville, Mo.; water supply and; 
improvements and, 485 

Kobe, Japan; water supply and; 
Uji River and, 489 

Kénigsberg, Germany; water chlori- 
nation and, 167 

Koser, 8S. A.; uric acid test and, 173 
Kowloon, China; Hong Kong and; 
water supply and, 488 
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Krian, Perak, Br. Malaya; reservoir 
and; tree encroachment and, 170 


La Plata River; Colorado—New Mex- 
ico compact and, 284 
a Dam; see Colorado River 
Lakeside, Milwaukee; see Coal; 
Power Station 
Lamberth, Miss.; tank, wood, and; 
construction, rapid, and, 478 
Lansing, Mich.; water supply and; 
hardness and, 611 
soap and; loss and, 611 
and; economy and, 
11 
Law; supplies, artesian, and, 609 
utilities and; see Books, New 
see Legal Decisions 
Lead; see Pipe Joint 
Leak; mains and; 
statistics and, 494 
testing and; Norfolk and, 
284 


detection and : 


plates, riveted, and; deflection and, 
48 


Legal Decisions; Indian Creek case 
and, 368 
mine drainage and; injunction and, 
286 
Pennsylvania and; 1924 and; review 


and, 368 
Sanderson Coal Company and, 368 
typhoid and; compensation and; 
Maine and, 611 
Lexington, Ky.; emergency pumping 
unit and; cost and, 277 
Licking River, Ohio; Newark, Ohio, 
and; water supply and, 602 
or bleach and; stabilization and, 
2 


brine and; corrosion control and, 
78 
Lime, Chloride of; see Bleaching 
powder 
Limestone; see Water, Limestone and 
Little Calumet River; see Calumet 
River, Little 
Little Rock, Ark.; service lines and; 
rate base and, 287 
Loaded Filter; see Clark, H. W. 
Locomotive; water softening and; 
economy and, 361 
e Railroad; Union Pacific; Water 
Softening 
London, Ont.; meters and; savings 
and, 367 
Long Beach, Cal.; power station and, 


490 
Long Beach, L. I.; aération and, 495 


< 
rt 
a 
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Lopulco; see Coal 
Angeles; Colorado River and; 
aqueduct, and, 362 

dams and; oil and, 480 
Owens River and; disputes and, 479 
Owens Valley and; wells and, 480 

Loss of Head; see Head 

Low Moor, Iowa; main extension and; 
financing and; users and, 366 

Lubrication; Diesel engines ‘and; in- 
structions and, 490 

research and; review and, 482 
theory and, 74 
see Oil, Lubricating 

Lynchburg, Va.; water supply and, 

486 


Macomb County, Mich.; iodine and 
goiter and, 77, 610-1 

van der Made; see Water, Ozone and, 

Magnesium; see Water, Magnesium 


an 

Magnesium Chloride; see Water 
Analysis 

Magnesium Determination; alkali- 
metric, 599 


Main; air-valves and; check-valves, 
$7 vertical, and, 481 


freezing and, 481 
breaks and; causes and; Baltimore 
ae and, 604 

laying and; cost and; determination 
eon. and, 283 

ao 1924 and; statistics and, 494 
ine 4 tile, vitrified and; hazard, sanitary, 


and, 609 
see Leak; Pipe; Pipeline; Trench- 


ing 

and; compensation 
an 

Major’s’ Creek; Santa Cruz and; 
water supply and, 484 

Manila, P. I.; Water supply and; 
extension and, 488 

Maquoketa River; Pinhook, 
and; dam and, 479 

Marinette, Wis.; ; Menominee River 
and; s and, 

Masonville, Que.; typhoid epidemic 
and, d, 172 

Medium, Culture; sterilization and; 
lactose and, 171 

sulfate reducers and, 172 
see Bact. coli 

Memphis, Tenn.; purification plant, 
new, and; results and, 170 

Mendota, Ill; pumping plant and; 
exhaust utilization and, 

Menominee River; Marinette, Wis., 
and; dams and, 60 


Iowa, 


Merced River, Cal.; 
and, 601 

Messalonski Stream; power develop- 
ment and, 366 

Meter; see W ater, Meter and 

Methyl Orange; xylene cyanole FF 
and; improvement and, 73 

—< Lakes; dam and reservoir and, 
2 

— iodine and; goiter and, 
11 


Exchequer dam 


see Macomb 
Microorganisms; Ashokan reservoir 
and, 282 
Microspira Desulfuricans; soil and; 
depth, great, and, 172 
sulfate reduction and, 172 
Milwaukee, Wis.; Lakeside power 
station and, 165 
Mine; see Water, Pollution and 
Minneapolis; chemicals and; pneu- 
matic transport and, 485-6 
main and; Mississippi River and, 


277 
Twin City Rapid Transit and; 
stokers, underieed, and, 482 
Minnesota; highway water supplies 


and; signs and, 479 
Mission’ reek; Horton, Kansas, 
an 


Mississippi River; deforestation and, 
362 


flood control and; levees and, 362 
main and; Minneapolis and, 
Missouri River; North Dakota and; 
diversion and, 480 
St. Louis and; intake and, 365 
stage variation and, 365 
Mixing; basins and; baffling and, 361 
loss of head and, 361 
Moccasin Creek; penstocks 
joints connecting, and, 602 
surge chamber and; construction 
and; net and, 602 
Monel Metal; chemical solutions and, 


483 
Monmouth, Ill.; water works, new, 
and; cost and, 366 
description and, 366 
financing and, 366 
wells, deep, and, 366 
Monongahela River; acidity and, 287 
softening and, 287 
South Pittsburgh and, 287 
Montalban, Manila, P. I.; reservoir 
and, 488 
Moormans River; 
Va., and, 484 
Motor (electric); a.c.; testing and; 
data, essential, and, 491 


and; 


Charlottesville, 
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d.c.; testing and, 274 
synchronous; current fluctuation 


an 
Mountain Water Supply Co.; mine 
drainage case and, 286 
Murphysboro, Ill.; tornado and; 


sanitary service and, 610 
Muscle Shoals; Wilson dam and, 479 
169 


Mussel, Migratory; iron and, 
lime and, 169 
migration and, 169 
organic matter and, 169 
oxygen and, 169 
suppression and, 169 
viability and; conditions and, 169 


National Board of Fire Underwriters; 
hose and couplings, 278 _ 

Navicula; clay decomposition and, 
172 


Neutral Red; nitrite determination 
and, 167 
New Books; see Books, New 
New Jersey; Delaware River and, 
610 
main extension and; financing and, 


water supplies and; iodine and, 610 
New Mexico; La Plata River and; 
compact and, 284 
New Projects; see Projects, New 


New Purification Works; see Water _ 


Purification Plant, New 


New York City;education and; water 


supply and, 277 
New York State; Delaware River and, 


61 
typhoid and; decline and, 277 
Newark, Ohio; water supply and; 
cost and, 602 
Licking River and, 602 
revenue and expense and, 602 
Niagara Falls, N. Y.; hydro-electric 
extension and, 491 
Nitrification; sea water and; absence 
and, 599 
Nitrite; see Water Analysis 
Nitzschia; clay decomposition and, 
172 
Norfolk, Va.; mains and; leakage 
tests and, 284 
North Carolina; stream gaging and, 


North Dakota; artesian supplies and, 
608- 


9 
Devil’s Lake and, 480 
diversion and; Missouri River and, 

480 
flood control and, 480 


Oak; water and; color and, 482 
Odor; structure, molecular, and, 74 
see Water, or and 
Ohio; stream pollution and; control 
and; extension and, 484 
Ohio River; filter loading studies 
and, 170 
filtration plant studies and, 489 
chorination and; necessity 


and, 489 
pollution and, 170, 489 
Oil Burner; atomizing and; mechani- 
cal versus steam, 71 
Oil Engine; exhaust and; silencing 
and, 492 
progress and; 1924 and, 273 
solid-injection type and, 489 
see Diesel Engine 
Oil, Lubricating; carbon and, 490 
diesel engines and, 490, 491 
emulsions and, 490 
filtration and, 71, 491 
preservation and, 71, 490, 491 
ae eae systems and, 71, 490, 
1 


sludge and, 490 
Omaha, Neb.; Union Pacific R. R. 
and, 360 
Ontario; Provincial Board of Health 
and; B. Coli isolation experi- 
ments and, 171 
report, 1923 and, 171 
swimming pool regulations 
and, 171 
water chlorination regula- 
tions and, 171 
well protection and, 171 
Operator; see Water Works 
Ortho-; neglected for indexing pur- 
poses 
Osaka, Japan; water supply and; 
extension and, 
Lake Biwa and, 488 
Owens River; Los Angeles and; dis- 
putes and, 479 
wells and, 480 
Oxalic Acid; solutions, volumetric 
and; preservation and, 483 
Oxy-acetylene; cut and; steel and; 
ductility and, 486 
Oxygen; boiler corrosion and, 482-3 
compressed ; pipe cleaning and; cost 
and, 284 
see Water Analysis; Water, Oxygen 
Dissolved and; Water, Oxygen 
Removal and 
Ozone; definition, new, and, 483 


Paint; hydrants and; _ yellows, 


various, and, 488 
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odor and taste and, 367 
see Yellow 
Paper Manufacture; water and; qual- 
: ity and quantity and, 167 
-Pashimeroi Valley, Idaho; ground 
water and, 608 
Patoka River; mine drainage and; 
damage and, 496 
Paving; service installation and; 
preservation and, 494 
Pea, canning and; water, hard, and, 
598 
Pearl’s Hill; Singapore and; water 
supply and, 488 
Pedlar River; Lynchburg, Va., and; 
water supply and, 486 
Pennsylvania; Delaware River and, 
610 
sanitary water board and; 287-8 
streams, interstate, and; 
pollution and, 288 
sss waste, industrial, and; con- 
trol and, 288 
nape versus slow sand filtration 
and, 288 
statistics and, 288 
Pennsylvania R. R. and; water 
— and; Altoona, Pa., and, 
60 


Tipton, Pa., and; dam and; 

is construction and, 360 

meter, recording, and, 
360 

reservoir and, 360 

spillway and, 360 

-Phosphor Bronze; chemical solutions 

: and, 483 

Pile; sand and; stability and, 363 

Pine; water and; taste and, 482 

Pine Hill; reservoir and; Worcester, 

Mass., and, 487 

-Pinhook, Iowa; dam and; descrip- 

tion and, 479 

Pipe; see Main; Pipeline; Service 

Pipe 

| Pipe, Cast Iron; flow and; tests and, 


— Cement-lined; adherence and, 
495 
cement thickness and, 495 
Charleston, S. C., and, 495 

flow coefficient and, 495 

imexpensiveness and, 495 


Pipe Cleaning; mains and; benefits 
and, 359 
ny relief only temporary, 359 


service pipe and; oxygen and; cost 
and, 284 

Pipe Coating; pipeline 
365 
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Pipe, Concrete; centrifugal and, 367 
cylinder lock-joint and, 367 
flow and; tests and, 284, 602 
penstocks and; joints and, 602 
poured and, 367 
pressure and; advantages and, 73 
joints and, 73 
Spavinaw project and; dimensions 
and, 277 
Pipe Deposit; capacity loss and; 
tuberculation and, 359 
service pipe and, 284 
see Pipe Cleaning 
Pipe, Flow and; discharge coeffi- 
cients and, 168 
friction coefficients and, 168 
loss of head and, 168 
tests and; Norfolk, Va., and, 284 
Spavinaw aqueduct and, 602 
see Pipe Deposit 
Pipe Joint; lead and; substitutes 
and; comparison and, 478 
penstocks and, 602 
pipe, concrete (qg. v.), and, 73 
tests and; staunchness and, 606 
weld, electric, and, 365 
Pipe, Steel; Bombay, India, and, 
169 


California and; friction losses and, 
170 
main, submerged, and; Mississippi 
river and, 277 
Seattle, Wash., and, 607 
Tulsa water supply and, 277 
Vallejo, Cal., and; electrically 
welded and, 365 
cost and, 365 
guarantees and, 365 
rotection and, 365 
Pipe, Thawing; electrical; current 
practice and, 286 
Pipe, Welded; see Pipe, Steel 
Pipe, Wood Stave; design and; im- 
portance and, 275 
flow and; tests and, 284 
Lynchburg, Va., and, 486 
Seattle, Wash., and, 607 
see Tank 
Pipeline; freezing and; depth and, 478 
endersonville, N. C., and; tests 


and, 606 
Seattle, Wash., and, 607 
sections and; handling and, 481 
Staunton, Va., and, 494 
see Main; Pipe, etc.; Vallejo, Cal. 
Pitting; see Iron, Corrosion of 
Pittsburgh, Pa.; see Coal 
Plankton; hydrogen-ion concentra- 
tion and, 74 
Plumbing; domestic; hy 
367 
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Pneumatic Transport; chemicals and; 
Minneapolis and, 485-6 
Pocahontas; see Coal 
Pollution; see Water, Pollution and 
Ponca City, Okla. ; diesel engines and; 
success and, 274 
Population; cities and; forecasting 
and, 168 
Port Jervis, N. Y.; Delaware river 
compact and, 610 
reservoir and; siphon outlet and, 
276 
Power; electricity, oil, steam, and; 
comparison and, 478-9 
gas versus steam and; Lexington, 
Ky., and, 277 
progress and; 1924 and, 273 
see Diesel Engine; Electric Power; 
Oil Engine; Pumping Plant; 
Steam Plant; Turbo-Generator; 
Water Power 
Power Station; arc-welding and; 
advantages and, 491 
Calcutta, India, and, 489 
Lakeside, Milwaukee, and, 165 
Long Beach, Cal., and, 490 
River Rouge, Dearborn, Mich., 
and, 165 
Riverside, Davenport, Iowa, and, 


Springfield, Mo., and; modernizing 
and, 275 
Stroud, Okla., and; gas and, 278 
see Hydro-Electric Plant; Inspec- 
tion 
Powerdale; dam and; crest gates, 
deep, and, 362 
Pre-heat; air, furnace, and; water- 
cooling and, 489 
Pressure; see Steam; Water Pressure 
Princeton, Ind.; mine drainage and; 
damage and, 496 
Princeton, N. J.; water supplies and; 
iodine and, 610 
Projects, New; Los Angeles and; 
aqueduct and; cost and, 362 
Shepaug tunnel and; cost and, 487 
Singapore and; water supply and; 
cost and, 488 
Tulsa, Okla., and; water supply 
and, 277 
Providence, R. I.; aération and, 495 
chlorination and, 493-4 
filters, rapid sand, and, 276 
filters, slow sand, and, 276, 493 
lime treatment and; lead and, 493-4 
service pipes, lead, and, 493-4 
Public; utility and; attitude, mental, 
and, 368 
candor and; advisability and, 
368 
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Pulai River; Singapore and; water 
supply and, 488 
Pulverized Coal; see Coal 
Pump; Humphrey gas; description 
and, 487-8 
economy and, 488 
trench; double-acting; description 
and, 366 
types, various, and; spheres, re- 
spective, and, 75 
wells, deep, and; belt elevator and, 
94 


dead-stop elimination and, 


601 
Stroud, Okla., and, 278 
Pump, Air-Lift; frost and; precau- 
tions and, 478 
Memphis, Tenn., and; carbon diox- 
ide removal and, 170 
Wisconsin University and; tests 
and; results and, 494 
Pump, Centrifugal; combination and; 
capacity, increased, and, 
491 
series and parallel and, 491 
curves, characteristic, and, 606 
end-thrust and; neutralization and; 
suction, double, and, 479 
Pumping; chemicals and, 598 
diesel and; air-lift and; cost and, 


electricity, oil, and steam and; cost 
and, 478-9 
Pumping Plant; Atlanta, Ga., and, 
607 


emergency; Lexington, Ky., and, 
277 


cost, comparative, and, 277 
exhaust utilization and; economy 
and, 283 
Huntington, W. Va., and, 605 
Monmouth, IIl., and; wells, deep, 


Russell, Ky., and; remodelling 
and, 604 
Tulsa, Okla., and, 277 
West Chicago, IIl., and; stand-by, 
gasoline, and, 479 
Westbury, L. I., and; history, 
notable, and, 605 
see Inspection 
Purdue; University; pipe thawing, 
electrical, and, 286 
Purification; see Water, Purification 
and; Water Softening 


Quebec; Provincial Bureau of Health 
and; report, 1922-3 and 172 
laboratories and, 172 
typhoid reduction and, 172 
water purification and, 172 
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Questions and Answers; ‘‘Power’’ 
question box, 275, 492 


Radioactivity; see Water, Radio- 
activity and 
Railroad; water supplies and; pump- 
ing and; cost and, 478-9 
purchase and, 478 
rams, hydraulic, and, 478 
small; protection and, 276, 
360 (bis) 
water treatment and; economy 
and, 361 
see Canadian National R. R.; 
Chesapeake and Ohio R. R.; 
Chicago and Alton R. R.; 
Chicago and Rock Island, R. R.; 
Pennsylvania R. R.; Union 
‘Pacific R. R. 


Rainfall; drainage and, 611 wae 
Duluth and, 611 
forestation and, 611 


probability methods and, 603 
see Run-off 
Ram, Hydraulic; history and, 478 
performance and, 478 
railroad supplies and, 478 
Rate; see Water Rate 
Recording Instruments; gage, water- 
stage, etc., 169 
Red Water; see Water, Red 
Redwood; water and; color and, 482 
a ; advantages and, 277, 283, 


Ashokan; high and low water and, 
282 


turbidity and, 282 
Calumet, 494 
eee National Railways and, 


cost and, 360 

dams and, 360 

ditches, intercepting, and, 
360 


London, England, and, 
8 


construction and, 366 

Croton; turbidity and, 283 

Dallas, Texas, and, 364 

Eastern Hills, Cincinnati, and, 362 

evaporation and; records and, 494 

frozen; copper sulfate and; broad- 
casting and, 4 

Hendersonville, N. C., and, 606 

Kensico; turbidity and, 283 

Krian, Perak, and; tree encroach- 
ment and, 170 

lining and; brick and, 367 

concrete and, 286 
Metis Lakes and, 72 


Montalban, Manila, and, 488 
ath through, of water and, 283 
ennsylvania R. R. and, 360 
Port Jervis, N. Y., and; siphon 
outlet and, 276 
Santa Cruz and, 484 
Spavinaw Creek and, 277 
Staunton, Va., and, 494 
Tulsa, Okla., and, 277, 286 
turbidity control and, 282-3 
Worcester, Mass., and, 487 
Richmond, Va.; Shockoe Creek and, 
169 

Ringer Solution ; bacteria and; viabil- 
ity and, 166 

River; see Stream 

River Rouge, Dearborn, Mich.; see 
Coal; Power Station 

Riverside, Davenport, Iowa; power 
station, new, and, 273 

Road; see Highway 

Rochester, N. Y.; billing, continuous, 
and, 481 

Rock Falls, Ill.; cross connections 
and; typhoid and, 484, 609 

Rouen, France; swimming pool and, 


Run-off; probability methods and, 
603 


see Rainfall 
Russell, Ky.; water station and; 
remodelling and, 604 


Sacramento, Cal.; filtration plant 
and; extension and, 363 
settlement and; damage and, 
363 
underdrains and; wood grat- 
ing and, 364 
Safe Water; see Water, Safe 
Safranin; B. Coli isolation and, 171 
Sagamore Coal Co.; mine drainage 
and; injunction and, 286 
St. Louis, Mo.; water filtration plant, 
new, and, 365 
intake works and, 365 
Missouri river and; stage 
variation and, 365 
St. Mary’s River; Decatur, Ind., 
and; wastes and, 495-6 
Sakai, Japan; water supply and; 
Uji river and, 489 
Salt; see Sodium Chloride 
San Diego, Cal.; water tower, new, 
and; cost and, 276 
San Francisco; swimming pool and, 


84 
see Calaveras; Hetch Hetchy | 
Sand; water, flowing, and; stability 
and, 362 
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see Water, Filtration and, Rapid Shenandoah River; Staunton, Va., 
3 Sand and; water supply and, 480 
Sand Creek, Ind.; waste, poisonous, Shepaug River; dam and, 276 
hon and, tunnel and; Waterbury and, 276, 
Sand Washer; Peebles patent; per- 487 
formance and, 72 Shockoe Creek; see Richmond, Va. 
3 Sanderson Coal Company; mine Shreveport, La.; service pipes; clean- 
: drainage and; decision, legal, ing and, 284 
and, 368 clogging and, 284 
Sandstone; Berea; iodine and; water Sideromonas Confervarum; iron in- 
supplies and, 77, 611 crustations and; algw and, 482 
nd, Dakota; water supplies and, 608-9 Silt; water self-purification and; 
Sanitary Hazard; main, vitrified China and, 167 
bil- tile, and, 609 Singapore; water supply, new, and; 
sewer, fault , and, 609 cost and, 
tornado and, 609 Siphon; reservoir outlet and, 276 
see Santa Cruz; water supply, new, and, Sluice; large; Seattle, Wash., and, 607 
4 Soda Ash; see Sodium Carbonate 
ver Scale; see Boiler Soda, Caustic; see Sodium Hydroxide 
Scour; floods and, 72 Sodium Aluminate; lime-soda soften- 
see Spillway ing and, 604, 605 
us, Screen; Seattle, Wash., and, 607 Sodium Carbonate; water, corrosive 
Sea Water; condensers and; corrosion and, 367 
ns and, 600 see Boiler Water 
density and; chlorophyll activity Sodium Chloride; bacteria and; cal- 
d, and, 601 cium antagonism and, 166 
diatoms and; silica deficiency and, concentration, optimum, 
d, and, 166 
hydrogen-ion concentration and; viability and, 166 
fluctuation, daily, and, 74 Sodium Hydroxide; brine and; cor- 
a; nitrification and; absence and, 599 rosion control and, 
oxygen dissolved determination Sodium Phosphate; boiler water and; 
and, 483 treatment and, 281 
at Seattle, Wash.; tunnel and; air South Dakota; artesian supplies and, 
pressure and ; difficulties and, 73 608-9 
i, water supply and; extension and; South Pittsburgh, Pa.; clarifier op- 
cost and, eration and, 287 
[~ Sedimentation; see Water, Sedi- Monongahela river and, 287 
mentation and softening plant, new, and, 
Service Pipe; cleaning and; oxygen Spavinaw Creek; Tulsa supply and; 
and, 284 aqueduct and; tests and, 
e cost and, 284 
clogging and, 284 cost and, 277 
goosenecks and; substitutes and, dam and, 286 
364 en description and, 277,604 | 
Hackensack, N. J., and, 364 a reservoirs and, 286 eae 
2 laying and; pavement preserva- tunnel and, 286 ‘ 
tion and, 494 Spillway; profile, ogee, and; im- 
, main connections and, 170 provement and, 363 
maintenance and, 287 scour and, 363 
; material and; prices and, 364 Spontaneous Combustion; see Com- 
ownership and, 287 bustion, Spontaneous — 
pipe, brass, and, 364 Springfield, Mo.; power station and; 
rate base and, remodelling and, 275 
see Gooseneck; Providence, R. I. Standpipe; Russell, Ky., and, 604 
Sewage Treatment; water supplies State Sanitary Engineers’ Confer- 
and, 598 ence; ground water protection 
Sewer; ag? dysentery and, 609 and, 610 
Shanghai, China; water supply and; Staunton, Va.; water supply and; 
silt and, 167 dam and reservoir and, 494 
Shell; magnesium and, 166 pipeline and, 494 
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Shenandoah river and, 480 


springs, limestone, and, 480 
Steam, purification and; necessity 


and, 273 
disadvantages and, 74-5, 281 
aot elimination and, 75, 282 
 §$team Plant; exhaust 
ss and; economy and, 283 
Lakeside, Milwaukee, and, 165 
pressure, high, and, 369, 491 rahi’, 
ogress and; 1924 and, 273 ty 
Rouge and, 165. 
Superheat and, 491 


see Boiler; Coal; Condenser; Eo 


ne; Inspection; Lubrication; 
=. Station; Questions and 
Answers; Turbine 
Steel; ductility and; 
cut and, 486 
shearing and, 486 
structural; stresses, permissible 
and, 280 
 §Sterling, Ill.; cross-connections and; 
typhoid and, 484, 609 
; _ Stevenson Creek, Cal.; dam, arch, 
experimental, and; ” Engineering 
Foundation and, 480 
Stoker, Mechanical; efficiency and, 
369 


oxyacetylene 


coal, low-grade, and, 
Twin City Rapid Transit 
Co., and, 482 
Kg water-cooling and, 489 
Storage; see Water, Storage and 
Stream; floods and; debris trans- 
portation and, 72 
scour and, 
gaging my North Carolina and, 


and; cost and, 605 
Stream Pollution; see Water, Pollu- 
tion and 
Street; opening and; utility com- 
pany and, 287 

see Paving 

troud, Okla.; power station and, 278 

vate supply and; wells, deep, and, 

8 


drogen; see Water, 
Hydrogen and 
_ Superchlorination; see Water, Chlo- 
i, rination and; Water, Taste and 
Superheat; developments, recent, 
and, 4 

Wash., 


Seattle, and; 


1 

Swan Lake; 
iF water supply and, 607 

Sweden; steam pressures, high, and, 
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Swimming Pool; Berlin, Germany, 
ey and; bacterial control and, 
168 

chlorination and, 168 

filtration and, 168 nce 
canvas bulkhead and, 603 
chlorination and, 598) 
East Cleveland and; cost and, 279 
inspection and; necessity and, 598 
Ontario and; regulations and; al- 

kalinity and, 171 
bathing load and, 171 
clarity and, 171 

temperature and, 171 

Rouen, France, and, 

San Francisco and, 284-5 
Synchronous; see Motor, Electric 
Syphon; see Siphon 
Syracuse, N. Y.; water supply and; 

history and, 277 


Tank; concrete, reinforced, 
design, improved, and, 496 
Barnum, Minn. 496 
_ steel; Huntington, 'W. Va., and , 605 
. plates, bottom, and, 481-2 
temperature drop and; rup- 
ture and, 363 
wood; bleaching powder and, 482 
chemicals and, 482 
color and, 482” 
construction, rapid, and, 478 
cypress and, "482 
fir and, 482’ 
maple and, 482 
leg moving and; scow and, 480 
oak woe 482 
pine and, 482 
soo redwood and, 482 
taste and, 482 
see Leak 
Tansa Lake; see Bombay, India 
Tap; non-concussive, 76 
Taste; acids, strong and weak, and, 73 
buffer substances and, 73 


and; 


hydrogen-ion concentration and,73 


see Water, Taste and 
Temperature; see Swimming Pool; 
Water, Temperature and 
— River; Wilson dam and, 
9 
Thames River, Chatham 
and, 171 
Thiosulfate; solutions and; stabiliza- 
tion and, 76 
Tide; staff and; U. S. Coast and 
Geodetic Survey and, 284 
Tile; vitrified; mains and; sanitary 
hazard and, 609 
Tipton, Pa.; - Pennsylvania R. R. and; 


Ontario; 
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Tobin Bronze; chemical solutions 
and, 483 

ortho-Tolidin; solution and; prepa- 
ration and, 280 

Topeka, Kansas; water treatment 
and; cost and, 367 

Tornado; sanitary "hazards and, 609- 

10 


combating and, 610 
Town, Small; see Water Supply 
Trenching; air tools and; Baltimore 
and, 276 
bell holes and; cofferdam and, 602 
mechanical; cost and, 368 
pump, double-acting, and, 366 
Trinity River; Garza dam and, 364 
Tropics; power station and; Calcutta 
and, 489 
Tuberculation; see Pipe Deposit 
Tulsa, Okla.; Spavinaw supply and; 
aque aor 602 
cost an ae 
description and, 277 
inauguration and, 
Tunnel; Buffalo, N. Y.; high pres- 
sure; plugging and, 364 
Calumet, 494 
Hetch Hetehy; concrete lining and, 
1 


dimensions and, 71 
Niagara Falls; hydro-electric de- 
velopment and, 491 
= air pressure trouble and, 


a cst water supply extension and, 
607 


ties river, 276, 487 
Spavinaw project and, 286 
Turbidity; see Water, Turbidity and 
Turbine, Steam; Curtis, large, and, 
490 


progress and; 1924 and, 273 
Turbine, Water; units, large, and: 
Niagara Falls and, 491 
Turbo-Generator; large; 
and; tests and, 274 
see Generator 
Typhoid; compensability and; Maine 
and, 611 
cross-connections and; Rock Falls, 
Ill., and, 484 
Sterlin Ii, and, 484 
decline and; Y: State and, 277 
water ’ purification and, 277 
Masonville, Quebec, and, 172 
Quebec and, 172 


efficiency 


Uji River, Japan; hydro-electric 
development and, 488 
_ water supply and, "488 
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Ultraviolet; see Water, Ultraviolet 
Radiation and 
Underdrain; see Water Filtration, 
Rapid Sand 
Uniflow; see Engine 
Union Pacific R. R.; water treat- 
ment and; history and, 359 ‘ 
investment and, 359 Ses 
locomotive runs and, 359 ri 
organization and, 359 
return and, 359 
United States Bureau of Standards; 
ultraviolet radiation and; 
Coli and, 604 y 
United States Coast and Geodetic ’ 
Survey; tide staff and, 284 
United States Public Health Service; 
see Water, Standards and 
Utility; costs, physical, and; fluctua- 
tions and, 479 
law and; see Books, New 
ownership and; public and private 
and, 282 
public and; attitude, mental, and, 


candor and, 268 
regulation and 282 
reports, annual, and, 282 
service pipe maintenance and, 287 
street opening and, 287 
taxation and, 282 


Vallejo, Cal.; pipeline, steel, and; 
cost and, 365 (ee 
electric welding and, 365 © 
guarantees and, 365 
protection and, 365 =~ 
check-valve; see Maint 
chemicals ond ; materials, resistant, 
an 
type, new, and, 483 
diameter, great, and; 
Falls and, 491 
gate-valves; card 
and, 487 
Johnson type and, 491 
see Sluice 
Venice, Italy; sand filters, ancient, 
and, 76 


Niagara 


index system 


Wash; see Water Filtration, Rapid 
Sand 
Waste, Industrial; beet sugar and, 
495-6 
purification and; beet sugar and 
367, 492, 496 
creameries and, 493 
potato flour and, 367 
screens and, 492 
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strawboard and, 367 

zine and cyanide and, 496 

see Water, Pollution and 

Water, Acid; Monongahela river and; 
softening and, 287 

see Water, Pollution and 

Water, Aération and; aérator, home- 

made, and, 285 

carbon dioxide, aggressive, and; 
removal and, 495 

color and; removal and, 495 

hydrogen-ion concentration and, 
168 


limestone treatment and, 495 

Memphis, Tenn., and, 170 

red water and; elimination and, 495 

taste and odor and; elimination 
and, 485 

_ Water, Aggressive; see Water, Cor- 

rosive 

ater Analysis; United States and; 
published analyses and index 
and, 608 

see Analysis; Buret; Oxalic Acid; 
Thiosulfate 

Alkalinity and; azolitmin and, 601 

humin and; interference and, 
601 

iron and; interference and, 

1 


methyl orange and, 601 

phenolphthalein and, 601 

silicates and; interference 
and, 601 

turbidity and, 601 

Carbon Dioxide and; gas-volu- 
metric method, rapid, and, 76 

Carbonate and; gas-volumetric 
method, rapid, and, 76 

Chlorine, Free, and; see ortho- 
Tolidin 

Corrosiveness; determination and, 


285, 28 
Hardness and; Blacher method and, 
600 


chloride and; Bosshardt, 
rae, and Fricke and, 
1 

Clark method and; organic 
matter and, 

Magnesium Chloride; 
method and, 173 

Nitrite and; neutral red method 
and, 167 

Oxygen Dissolved and; gas-volu- 
metric method and, 257 

micro-Winkler method and, 
112-3, 259, 595 

Winkler method and; mag- 


Bosshardt 
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sea water and, 483 
Sulfate and; conductometric method 
and; inavailability and, 


palmitate method and, 600 
volumetric method and, 496 
Water, Bacterial Removal and; 
chlorination and, 170 
coagulation and, 170 
filtration and, 170 
limits and, 170 
sedimentation and, 170 
Water, Bacteriological Examination 
and; bouillon and, 601 
technique and, 286 
see Bacterium Coli; Books, New 
Water, Carbon Dioxide and; corro- 
sion and, 367, 495 
re concentration and, 
95 


Water, Carbon Dioxide Removal and; 
aération and lime and, 495 
aération and limestone and, 495 

air lift and, 170 
Memphis, Tenn., and, 170 
Water, Chloramine and; experiments 


and, 4 
Water, Chlorination and; ammonia 
gas and, 493 
bleach, chlorine, and chloros 
and, 493 


chlorinator, small capacity, and, 


corrosion proof and, 484 
temperature control and, 484 
chlorinator, type new, and; Albany, 
chlorine, liquid, and; flow, con- 
stant, and, 172 
chloronome apparatus and, 598 
colloids and; interference and, 493 
water and; advantages 
and, 
K6nigsberg and, 167 
~— river plants and; results and, 
170 
Ontario regulations and, 171 
organic matter and, 167 
super- and de-chlorination and 
taste and, 72 
temperature and, 167 
Water, Coagulation and; agitation 
and, 72, 495 
bacterial removal and, 170 
control and; economy and, 283 
hydrogen-ion concentration 


and, 283 
detention and; Water- 
N. 495 


town, N.Y., and, 
f double; advantages and, 170-1 


670 INDE. 
im and, 4 


principles and; colloids and, 600 
temperature and, 72 
see Mixing 
Water, Color Removal and; aération 
and, 495 
Water Compact; Kennebec Water 
District and, 366 
see Delaware River; La Plata River 
Water Consumption; see Water De- 
mand 
Water, Consumption per Capita and; 
death rate and; comparison and, 


603 
Massachusetts and; statistics, 1923, 
and, 494 


Water, Copper Sulfate Treatment 
and; ice and; broadcasting and, — 
485 


holes and, 285 
spraying machine and, 603 
Weeping Willow, Neb., and; fail- 
ure and, 485 
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history and,76 
Venice and, 76 
Water, Filtration and, Double; re- 
sults, satisfactory, and, 72 
Water, Filtration and, Rapid Sand; 
bacteriological efficiency and, 
489-90 


chlorination and, 489-90 

loading and; studies and, 170, 489 

Pennsylvania and; slow sand super- 
session and, 287 

Providence, R. I.; slow sand super- 
session and, 276 

rate controller, novel, and, 603 

sand and; air wash discarded and, 


285 
depth and, 494 
grain size and, 494 
wash and; soda and, 285 
sedimentation and, 489-90 
underdrains and; cemented gravel 
and, 364, 


Water, Corrosive; Cambridge, Mass., 


and, 367 
carbon dioxide and, 367 


pipe, perforated, and, 364, 


Sacramento and, 364 


correction and, 367 
hydrogen-ion concentration and, 


367 
testing and, 285, 287 
Water, De-aération and; Kestner 
system and, 599 
vacuum and, 482-3 
Water, Dechlorination and; see 
Water, Chlorination and 
Water, Deferrization and; see Water, 
Iron Removal and 
Water Demand; cities and; forecast- 
ing and, 168 
Water, Disinfection and; filtration 
et spheres, respective, and, 


see Chloros; Water, Chloramine 
and; Water, Chlorination and; 
Water, Ozone and; Water, Ultra- 
violet Radiation and 
Water Distribution; zoning and; 
es and, 280 
Water District; see District 
Water, Filtration and; disinfection 
and; spheres, respective, and, 
486-7 


hydrogen-ion concentration, op- 
timum, and, 172 
operators and; chemical 
mechanical and, 366 
pressure; Chatham, Ont., and, 171 
principles and; colloids and, 600 
— s and; forms, standard, and, 


and 


sand and; France and, 76 


type, novel, and, 603 

wood grating and, 364 
wash and; turbidity and, 494 
York, Pa., and; tub filters and, 486 
Water, Filtration and, Slow Sand; 
Charlottesville, Va., and, 484 
Pennsylvania and; rapid sand and, 


Providence, R. I., and; rapid sand 
and, 276 
see Clark, H. W. 
Water, Ground; protection and; 
principles and, 610 
Water tap, non-concussive, 
an 6 
Water, Hardness and; canning and; 
peas and, 598 
disadvantages and, 611 


health and; benefits and, 612 we i 
experiments and, 611-2 oe 


soap and; loss and, 611 
urinary concretions and; blame- 
lessness and, 611-2 
see Water Analysis; Water 
Softening 
Water, Hydrogen-Ion Concentration 
and; aération and, 168 
carbon dioxide and, 168, 367, 495 
coagulation and; optimum and, 282 
corrosion and, 367, 
and, 168 
f and rapids and, 168 
filtration and; optimum and, 172 
fish and; buffer action and, 601 
flora and fauna and, 168 
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infusoria and; and, 601 
ponds and, 168 
_ Water, Iodine and; iodization and; 
Heanor, England, and, 486 
Ilkeston, England, and, 486 
Michigan and; goiter and, 77, 610-1 
a Berea, and, 77, 
New Jersey and, 610 
4 Water, Iron Removal and; Berlin, 


Germany, and, 167-8 
Griffin, Ga., and, 367 
Memphis, Tenn., and, 170 
- Water, Lead and; lime treatment 


and; Providence, R. I., and, 493-4 
_ Water, Lime and; Providence, R. L., 
ee and, 493-4 

_ Water, Limestone and; aération and; 
‘ carbon dioxide removal and, 495 
Water, Magnesium and; oxygen dis- 
solved and, 483 
shells and, 166 
see Water "Analysis 

_ Water, Meter and; Chicago and, 603 
fire service type and, 604 


London, Ont., and, 367 
reading system, continuous, 
an 


quota, daily, and, 481 
Water, Sine see Water, Pollution 
an 
Water, Odor and; 
removal and, 485 
paint and, 367 
see Odor; Water, Taste and 
_ Water, Oxygen Dissolved and; Strait 
ts of Georgia and; depth and, 483 
: see Water Analysis; Water, Oxygen 
Removal and 
Water, Oxygen Removal and; 
Water, De-aération and 
Water, Ozone and; van der Made 
system and, 600 
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